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Prefaee 


Anatomy is a visual seienee, and in no other subject does the age-old saying ring so true — £C a picture is worth a thousand 
words ” With this in mind we ereated this book to teaeh anatomy with the real thing — photographs of eadaver disseetions 
and the bones of the skeleton, and mierographs of the body s tissues. We believe that every word that has ever been written 
about anatomy is the result of someone deseribing what they observed in a disseetion (or as is the ease of many authors today, 
the words are paraphrased from somebody elses knowledge and writings about disseetion). In this book we provide you with 
the images of real anatomy, with the hope that this will help you better visualize the words of anatomy. 

We often hear that photographs ean never elarify and teaeh anatomy as well as art. While it is true that the artist has much 
more ereative lieense than the disseetor, it is also true that a lot of anatomieal art does not always accurately depiet what is 
actually observed by a disseetor; or for that matter, a surgeon in a elinieal setting. We believe that good disseetion and pho- 
tography ean be instmetive, espeeially when ereatively coupled with teaehing eoneepts. With this in mind, another objeetive 
of this book is to present images that teaeh, and not just showcase a plethora of anatomy. Eaeh disseetion was made with an 
instmetive purpose and referenee images are used to highlight and focus on the patterns or eoneepts depieted by the dissee- 
tions. There are many simple patterns of design that organize and elarify the structure of the vertebrate body. We attempt to 
show these patterns in our presentation of anatomieal structure throughout the ehapters of this book. The few words that 
aeeompany the images in the book draw attention to the patterns and the basie structure-function relationships of the 
disseetions and mierographs. 

It has also been our goal to ereate a book that will beneíit students at all levels of anatomy education. The ehapters are 
eonstmeted with a systematie approaeh to anatomy to meet the needs of the typieal undergraduate anatomy course. Eaeh 
ehapter illustrates the eoneepts and features of a body system and depiets those features with elear disseetions and referenee 
images of the disseetions. On the other hand, because it is disseetion based the book is also an excellent referenee for the 
medieal student, physieal therapy student, or other graduate student who is studying eadaver anatomy from a regional 
approaeh. Even the layperson who wants to learn more about their amazing body ean beneíit from the beautiful anatomy 
images throughout the book. Students ean continue their exploration of anatomy using Real Anatomy, 3-D imaging software 
that enables students to disseet through layers of the real human body. 

To learn more about Real Anatomy, visit http://www.wiley.com/college/sc/realanatomy 

In conclusion we would like to thank a few individuals for their help with the disseetions that were photographed for this 
book. Good disseetion is a time consuming task that requires a strong knowledge of anatomy, skill and dexterity, and above 
all a lot of patienee. Nathan Mortensen played a major role in helping with the disseetions throughout the pages of this book. 
Also, the following individuals eaeh contributed one or two disseetions, and we want to thank them for their contribution: 
Riehard Homer, Torrenee Meyer, Jordan Barker, Jon Groot, and John Dimitropoulos. We also want to thank Alexa Doig who 
took a few of the eadaver photographs. 

We hope this book expands your vista of the amazing maehine we eall the human body. We would love to have any 
feedbaek you have on how we might improve the book for future editions. 


Mark Nielsen, University of Utah 
marknielsen@bioscience.utah.edu 
Shawn Miller, University of Utah 
smiller@biology.utah.edu 
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Human anatomy is the seienee that deals with the 
structure and design of the human body. A knowledge of anatomy is not only impor- 
tant for the anatomist, but is an essential tool for all the professionals who deal 
with the human body in any of a variety of ways. Furthermore, everyone 
ean benefit from a knowledge of anatomy because it is what we are, and 
understanding our bodies ean be invaluable. 

Anatomy is an aneient seienee. The prineipal methods anatomists 
used, and still use, to reveal what is known about anatomy are 
disseetion and mieroseopy. Disseetion involves the cutting apart of 
a body to reveal its gross structure. Ihis was the first technique 
used to diseover the structure of the body and is still the best way 
to truly understand the design and relationship of anatomieal . 
detail. The best drawings, photos, and virtual images ean never 
reveal what the disseetor experiences during a disseetion. The 
advent of the mieroseope expanded anatomieal knowledge by 
revealing mieroseopie perspeetives that were not available 
to the unaided eye. This understanding of mieroseopie 
structure opened the door to an inereased knowledge of 
the fimetional aspeets of anatomy. 

In this atlas we attempt to teaeh the elegant structure 
and design of the human body using the tools and 
methods of the anatomist — disseetion and mieroseopy. 

While there are numerous excellent visual resources that 
depiet anatomy, we believe that, with the exception of 
personal disseetion study, excellent photographs based on 
excellent disseetions and mieroseopy are the trnest form of 
anatomieal imagery. Nothing depiets the actual thing as well 


as the actual thing. Our goal is to ereate images that teaeh, 
and to use that imagery to highlight the patterns and design 
features of anatomy. 

This atlas approaehes the body from a systemie perspee- ™ 

tive; that is, it eovers eaeh body system and the organs assoeiated 
with that system. Eaeh system is highlighted in the disseetion photo 
However, the disseetions of the systemie anatomy often reveal re 
perspeetives and relationships, and the structural details 
anatomy are labeled on every image. Have fun exploring what we 
might be the next best thing to disseetion. 



Find more 
information abont 



anatomy in 


ANATOMY 






















The design features of the Atlas of Human Anatomy are illiistrated 

_ on this page using a sample page from the book. Eaeh page will 

begin with a short introduction to the featured anatomy of the page. 
This brief narrative will occupy this text spaee. Below this narrative, the majority of the page will focus on the images of 
anatomy and the appropriate labels for the images. The design elements used to teaeh and illustrate the anatomy are high- 
lighted in the boxes below. 


Featured Structure 

The page heading will list the 
anatomieal structure or feature that is 
the foeal point of the page 


Deseriptive Narrative 

A brief deseription of the structure 
and function of the anatomieal 
structures on the page 


Referenee Image 

The referenee image helps to quickly 
identify the featured anatomy and see 

its relationships 


The stomaeh is a J-shaped organ of variable size and shape and has the great- 

_ est diameter of any part of the gut tube. It occupies the upper left quadrant of the 

abdominal eavity, where it is anehored to the posterior abdominal wall by a mes- 
entery. The stomaeh performs several functions, the most important of which is to store ingested food until 

it ean be emptied into the small intestine at a rate that allows for optimal digestion and absorption. 


Structure List 

Numbered list of all the 
structures visible on the 
anatomieal images 


1 Stomaeh 

2 Oardia of stomaeh 

3 Fundus of stomaeh 

4 Body of stomaeh 

5 Pylorie antrum 

6 Pylorie eanal 


7 Pylorus 

8 Pylorie sphineter 

9 Gastrie rugae 

10 Greater curvature 

11 Lesser curvature 

12 Gastrie pit 


13 Surface mucous eell 

14 Lamina propria 

15 Mucous neek eell 

16 Gastrie glands 

17 Liver 

18 Gallbladder 

19 Spleen 

20 Greater omentum 



Disseetion Images 

Beautiful disseetions 
illustrate the anatomy 
of the body system 


Numbered 

l v ba m* ,a m 

i 

Structures 

vwlB 

llnobtmsive numbered 

* 

t. 

1 ^ 

structures without the 


clutter and distraetion of 

Si 

leader lines 




Mieroseope 
Images 

Crisp histology photo- 
mierographs illustrate 
the contextual 
mieroseopie structure 
of the anatomy 


Frontal seetion of stomaeh 

Anterior view 


Photomierograph of stomaeh mucosa 

with callout above 

40x and 100x 


Captions 

Captions deseribe the image and the 
view or magnifieation of the anatomy 

or histology 
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Histology 


Histology is the study of tissues, 

tissues are the building materials of the body. Like the materials we use to make 
the elothing we wear, tissues are the materials that form the various layers and 
structures of all the bodys organs. For example, you might wear a light undershirt 
of eotton beneath a silk long-sleeved shirt and wear a wool sweater over the top of 
the two shirts. Eaeh layer of elothing is made of a different material, and the material 
is organized into a unique structure that has its own functional qualities. The 
same is true of the organs of the body. Eaeh organ eonsists of distinet struc- 
tural layers, and eaeh layer is a speeifie type of tissue. For example, the 
stomaeh has an inner lining of simple columnar epithelium that is in 
eontaet with the food we eat and seeretes enzymes to help digest the 
food. This epithelial layer is surrounded by a vascular layer of loose 


eonneetive tissue that eontains the blood vessels that transport the 
absorbed molecules from the stomaeh. Smooth muscle tissue sur- 
rounds the two inner layers and helps toss and turn the food within 
the stomaeh and move it toward the small intestine. The smooth 
muscle tissue is eovered by a slippery, thin layer of simple squamous 
epithelium that forms the outer surface of the stomaeh and allows it to 
move against neighboring organs while reducing the damaging frietion. 
And just as the layers of elothing have names — undershirt, long-sleeved shirt, 


sweater—so also do the structural layers of an organ such as the stomaeh—mucosa, 
submucosa, muscularis, and serosa. 

All the tissues of the body ean be organized into four basie tissue eatego- 
ries — epithelial tissue, eonneetive and supporting tissue, muscle tissue, 
and nervous tissue. Eaeh tissue eategory has unique structural features 
that are shared by the tissues of that eategory. Epithelial tissues are 
surface tissues that eonsist of numerous eells tightly paeked together. 

Connective and supporting tissues share the eommon feature of hav- 
ing relatively few eells that are seattered within a surrounding fibrous 
extracellular matrix. Muscle tissue eonsists of elongated eells with spe- 
eialized protein arrangements that are designed to shorten. Nervous tis- 
sue eells are branehing, wire-like eells with a great variety of shapes and 
lengths. In this ehapter you will explore these four tissue eategories and the 
speeifie tissue types that eomprise eaeh eategory. In the ehapters that follow, the 
diíferent tissues will be observed in the context of the organs and organ systems 
form. 



Find more information 
about histology in 


REAL 


ANATOMY 


























The faeing pages show photomierograph eollages of the four prineipal tissue eategories—epithelial 

_ tissue, eonneetive and supporting tissue, muscle tissue, and nervous tissue. The photomierographs 

illustrate the key structural features shared by the tissues in eaeh eategory. Note the numerous 
elosely paeked eells of the epithelial tissues and eontrast them with the seattered eells and the fibrous surrounding matrix 
of the eonneetive and supporting tissues. In the rrmsele tissue observe the long, slender speeialized eells that are designed 
to shorten, and in the nerve tissue the branehed, wire-like eells. We will explore eaeh of the prineipal tissue eategories in 
more detail on the pages that follow. 



Epithelial Tissues 



Connective and Supporting Tissues 
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Muscle Tissiies 



Nerve Tissues 



































Epithelial tissues are surface tissues that eonsist of numerous eells, with 

_ eaeh eell forming membrane to membrane eontaet with its neighbors. As a 

general rule, deseriptions of epithelial tissues are based on the shape of 
their eells and on the number of eell layers present. By eombining the shape names — squamous (flat eells), cuboidal, and 
columnar — with the term simple if there is a single layer of eells or the term stratified if there is more than one layer of eells, 
almost all of the epithelial tissues ean be deseribed and named. The photomierographs on this page and the faeing page 
represent the simple (single eell layer) epithelial tissues. 

i 

1 Nucleus 7 Mucous in goblet eell 

2 Cytoplasm 8 Mierovilli 

3 Cell membrane 9 Basement membrane 

4 Oapillary lumen 10 Blood vessel with red blood eells 

5 Glandular lumen 11 Oilia 

6 Connective tissue 12 Basal eell 




Simple squamous epithelium, mesothelium 

Surface view of mesentery, 400x 


Simple squamous epithelium, endothelium 

Seetion of eapillary, 630x 




Simple cuboidal epithelium 

Llrinary tubes in kidney - transverse seetion, 630x (left); longitudinal seetion, 400x (right) 








Simple eoliirrmar epithelium 

Seetion of miieosa of small intestine, 630x 



Pseudostratified columnar epithelium 

Seetion of miieosa of larynx, 400x 






The photomierographs on this and the faeing page illiistrate the stratified 
(more than one layer of eells) epithelial tissues. Note that the tissues range 
from two layers to numerous layers and the eell shape used for the tissue 
name is the shape of the eells found in the surface layer. 


1 Nucleus 

2 Cytoplasm 

3 Basal eell layer 

4 Intermediate eell layer 

5 Superficial eell layer 

6 Stratum basale 

7 Stratum spinosum 

8 Stratum granulosum 

9 Stratum lucidum 

10 Stratum corneum 

11 Connective tissue 

12 Basement membrane 

13 Glandular lumen 



Nonkeratinized stratified squamous epithelium 

Seetion of esophageal mucosa, 200x 
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Keratinized stratified squamous epithelium 

Seetion of skin, 200x 




Stratified cuboidal epithelium 

Seetion of duct of esophageal gland, 400x 






Stratified columnar epithelium 

Seetion of pharyngeal mucosa, 400x 


Transitional epithelium 

Seetion of urinary bladder mucosa, 400x 








Connective tissues have relatively few eells and the eells are sur- 
_ rounded by an extracellular matrix of fibers, which the eells seerete. 

The elassifieation and names of eonneetive tissues arise from the type 
and arrangement of the fibers produced by the eells and seereted into the surrounding matrix. There are three named 
fibers in the matrix — eollagen fibers, reticular fibers (actually a thin form of eollagen), and elastie fibers. The fibers are 
deposited in varying degrees of density and are arranged in different patterns. The tissue names are based on the different 
fiber types and patterns in the matrix. 


1 Mast eell 

2 Fibroblast 

3 Collagen fiber 

4 Elastie fiber 

5 Reticular fiber 

6 Nucleus of adipose eell 


7 Cytoplasm 

8 Plasma membrane 

9 Lipid storage area 

10 Nucleus of reticular eell 

11 Nucleus of fibroblast 

12 Elastie lamella 



Loose (areolar) eonneetive tissue 

Seetion of subcutaneous layer of integument, 400x 




Adipose tissue 

Seetion of epieardial fat, 200x 
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Dense irregiilar eonneetive tissue Dense regular (collagenous) eonneetive tissue 

Seetion of dermis, 200x Seetion of tendon, 200x 



Dense regular (elastie) eonneetive tissue 

Seetion of tunica media of aorta, 400x 


11 

















ground substance 

ì fibers in ground substance 

bers in ground substance 

eyte nucleus 

eyte in lacuna 

idrium 

becula 
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Fibroeartilage 

Seetion of intervertebral dise, 200x 


Elastie eartilage 

Seetion of eartilage from auricle of ear, 400x 










Spongy bone 

Seetion of epiphysis of metaearpal bone, 200x 



Compact bone 

Seetion of diaphysis of fibula, 100x; callout of osteon, 400x 













































The tissues blood and lymph traditionally were 

_ elassified as eonneetive tissues because, like 

all eonneetive tissues, the extracellular matrix 
is a greater pereentage of the tissue then are the eells. However, the extracellular matrix of blood and lymph is a liquid ma- 
trix ealled plasma, rather than the soft, firm matrix of eonneetive tissues. The most reeent Terminologia Histoiogiea plaees 
blood and lymph in their own subcategory ealled the hematolymphoid complex. 
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Erythroeyte or red blood eell (rbe) 

Leukocyte or white blood eell (wbc) - neutrophil 
Leukocyte or white blood eell (wbc) - monoeyte 
Thromboeyte (platelet) 

Plasma 

Crenated red blood eell 
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Blood smear 

Wright’s stain, 200x; enlargement, 630x; individual eells, 1500x 
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Muscle eells are long, slender eells that have speeial arrangements of the proteins 

_ aetin and myosin within the eytoplasm. The architectural design of these proteins 

forms the muscle eell “maehinery” that allows the eell to speeialize at eontraeting 
(shortening). The names of the different types of muscle tissues arise from the arrangement of the eontraetile proteins 
within their eells. In some tissues the protein arrangement gives the eell a striated, or striped, appearanee (striated muscle), 
while in other tissues the striped appearanee is not evident (non-striated or smooth muscle). 


1 Nucleus 

2 Sareoplasm 

3 Smooth muscle eell 

4 Cardiac muscle eell 

5 Skeletal muscle eell 

6 interealated dise 




Smooth (nonstriated) miisele tissue 

Longitudinal seetion of muscular wall of intestine, 500x 



Cardiac striated muscle tissue 

Seetion of ventriele of heart, 500x 


Skeletal striated muscle tissue 

Seetion of vastus lateralis muscle, 400x 
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Nervous tissue forms the complex eleetrieal computing system of the body. The eells 

_ that eharaeterize nervous tissue are the branehed, wire-like eells ealled neurons. Sur- 

rounding the neurons of the nervous tissue are the smaller, more numerous glial eells 
that are involved in proteeting, insulating, and nourishing the neurons. The neurons ean be grouped together in long slender 
structures ealled nerves, or they ean form the complex circuit boards we eall the spinal eord and brain. 

1 Nucleus of multipolar neuron 

2 Cell body of multipolar neuron 

3 Nucleus of glial eell 

4 Axon 

5 Dendrite 





Neuron 

400x 


Nerve tissue 

Multipolar neuron smear, 400x 



Nerve tissue 

Seetion of ventral horn of spinal eord, 200x 
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Integument 



The integument 

the organ system that eovers the body. From the Latin 
meaning to eover inward, the integument is an important 
system that performs a variety of functions that are 
essential to life. The outer layers of the integument ealled 
the epidermis and dermis form the skin, which is an 
important proteetive layer. The skin proteets the body in 
a number of ways. Its tough, outer-covering of dead eells 
proteets the more delieate deeper layers from frietion and 
abrasion. The pigment eells in the epidermis produce 
melanin, a proteetive pigment that absorbs damaging ultra- 
violet radiation from the sun, to proteet the rapidly dividing 
keratinoeytes that make up the majority of the epidermal layer 
of the skin. The structure of the epidermal layer of the 
skin and its seeretions also proteet the body from ex- 
eessive water loss or gain. The large network of 
blood vessels and numerous sweat glands form 
an evaporative eooling system that help to pro- 
teet the body from overheating in warm eondi- 
tions or during exercise. Additionally, the im- 
penetrable skin and some of its speeial eells 
form a first line of defense against baeterial 
invasion. 

These are just some of the functions of the 
integument. Other important functions are 
the following: it is a major surface for sensory 
pereeption to reeeive input or stimuli from the 
environment, it is an excretory surface to help rid 
the body of metabolie wastes, it plays an important 
role in energy storage and metabolism, it provides an 
important site for the production of vitamin D and various 
growth faetors, and it plays a major role in sociosexual eom- 
munication and identifieation. This ehapter will depiet the 
structural features of the integument that account for this 
wide variety of important ftmetions. 



Find more information 
about the integument in 


























The integiiment eonsists of two major 

_ parts or layers of anatomy, the skin 

and the subcutaneous layer, or hy- 

podermis. The eadaver and histology images on this and the faeing page illustrate these two layers of anatomy. The skin, 
eonsisting of the superficial epidermis and the deeper dermis, structurally eombines an epithelial tissue and eonneetive tis- 
sue to form the body’s eovering organ. The skin is an organ that produces hairs, various glands, finger and toe nails, and 
accounts for the majority of the functions of the integument. The subcutaneous layer is a variable layer that ean eonsist of 
fat, fibrous eonneetive tissue, loose eonneetive tissue, and smooth muscle. 



Epidermal layer of the skin 

Anterior view 



Subcutaneous layer of the integument 

Anterior view 
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1 Epidermis 

2 Dermis 

3 Subcutaneous layer 

4 Faseia 

5 Periosteum 

6 Compact bone of tibia 

7 Fibula 

8 Medullary eavity 

9 lnterosseous membrane 

10 Tendon 

11 Muscle 

12 Stratified squamous epithelium 

13 Dense irregular eonneetive tissue 

14 Adipose tissue 

15 Retinaculum cutis 

16 Seeretory eoils of sweat gland 







Step disseetion of leg showing layers of the integiiment 



Anterolateral view 


lntegument 

Seetion of integument, 100x 
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The stratified squamous epithelial epidermis is the superficial 
layer of the skin. This cellular layer and its derivatives — hairs, 
nails, and glands — is the most reeognizable part of our anato- 




my. It ean range in thiekness from a .10 mm (0.0039 in) on the eyelids to 1.5 mm (0.059 in) on the palms and 
soles. Keratinoeytes are the primary eells of the epidermis. They proliferate from the stratum basale and dif- 
ferentiate as they push toward the surface, where they eventually form dead eells filled with the protein 
keratin. Also present in the basal layer are melanoeytes that produce the brown pigment melanin to proteet 
the skin from the ultraviolet radiation from the sun. 


1 Stratum basale 

2 Stratum spinosum 

3 Stratum granulosum 


4 Stratum lucidum 

5 Stratum corneum 

6 Connective tissue of dermis 


Epidermis of skin of a Caucasian 

Seetion of thiek palmar skin, 200x 


Epidermis of skin of a Caucasian 

Seetion of thin skin, 200x 
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Epidermis of integument 

100x 


Epidermis of skin of a blaek 

Seetion of thin skin, 200x 
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The eonneetive tissue dermis sits deep to the epidermis where it 

_ forms the strong binding layer of the skin. The zone of interfaee 

between the dermis and epidermis is an intrieate peg and soeket-like arrangement between the two layers. 
The dermal pegs are ealled dermal papillae. This arrangement has multiple functions. It assures that the 
two layers are strongly united, it inereases the surface area to improve the blood supply to the avascular 
epidermis, and it inereases the eontaet surface for sensory reeeptors. On the palms and soles the arrange- 
ment of the dermal papillae ereates the frietion ridges we eall fingerprints. 
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Dermis of integiiment 



Loose eonneetive tissue of stratum papillare 

Seetion of dermis, 200x 



Dense irregular eonneetive tissue of stratum reticulare 

Seetion of dermis, 200x 





1 Epidermis 

2 Loose eonneetive tissue of 
stratum papillare 

3 Dermal papilla of the stratum 
papillare 

4 Dense eonneetive tissue of 
stratum reticulare 

5 Blood vessel in dermis 

6 Sweat glands in dermis 

7 Longitudinal eollagen fibers 

8 Transverse eollagen fibers 

9 Frietion ridges formed by dermal 
papillae 

10 Flexion erease line 
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100x 


Frietion ridges (fingerprints) of right index finger 


Anterior view 
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During embryonie and fetal development, the epithelial eells of 

_ the epidermis push down (invaginate) into the eonneetive tissue 

dermis. This developmental proeess ereates a hair folliele, a baglike extension of the epidermis that projeets into the dermis and is 
responsible for producing the hair. The hair is a column of dead keratinoeytes that arise from the basal keratinoeytes at the bottom of 
the hair folliele. Asebaceous gland, also derived from the epidermal epithelium, empties into the hair folliele, and a small band of dermal 
smooth muscle, the arreetor pili muscle, attaehes to the base of the folliele. When the muscle shortens it produces “goose bumps” on 
the surface of the skin and causes the hair to “stand up.” Nails also arise from invaginations that produce the shallow nail fold and root. 
A plate of strongly keratinized tissue emerges from the nail root to eover the dorsal ends of the fingers and toes. 


1 Epidermis 

2 Dermis 

3 Folliele wall 

4 Hair 

5 Papilla 

6 Root of nail 

7 Nail 

8 Nail bed 

9 Lunula 

10 Eponychium (cuticle) 

11 Hyponychium 

12 Eeerine sweat glands 

13 Oartilage 

14 Bone 



Hair bulb 


Hair folliele 

Seetion of skin, 100x 


Seetion of skin. 400x 



Fingernail of an adult 

Dorsal view 


Finger of a ehild 

Longitudinal seetion, 50x 
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Like hairs, glands arise as invaginations of the epidermis into the dermis during 

_ embryonie and fetal life. The three prominent glands of the skin are the sebaceous 
gland, the eeerine sweat gland, and the apoerine sweat gland. The sebaceous and 
apoerine sweat glands typieally empty into a hair folliele, whereas the eeerine sweat 
gland empties onto the surface of the epidermis. 

1 

2 

3 

4 


Sebaceous seeretory eells 5 Hair 


Eeerine seeretory eell 
Eeerine duct eell 
Apoerine seeretory eell 


6 Hair folliele 

7 Arreetor pili muscle 



Sebaceous gland 

Seetion of dermis, 200x 



Eeerine sweat gland 

Seetion of dermis, 200x 



Apoerine sweat gland 

Seetion of thin skin, 200x 
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The subcutaneous layer, also ealled the hypo- 

_ dermis, is a layer of variable thiekness that ranges 

from a thin layer of loose eonneetive tissue to a 
thiek fibroadipose layer. This layer is a prominent loeation of fat storage in the body. In addition, it functions 
as an insulative layer and is the site of distribution of the main venous drainage ehannels of the integument 
and the cutaneous nerves that supply the skin. 



1 

Epidermis of skin 

7 

2 

Subcutaneous layer 

8 

3 

Faseia 

9 

4 

Superficial veins 

10 

5 

Cutaneous nerve 

11 

6 

Tendon 

12 


Muscle 

Retinaculum cutis 
Adipose eell membrane 
Nucleus of adipose eell 
Fat storage vacuole of adipose eell 
Blood vessel 



Superficial veins and cutaneous nerves in the subcutaneous layer 

Step disseetion of antebraeial integument, anterior view 
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Subcutaneous layer of integument 

100x 


Subcutaneous adipose tissue (left), adipose eell (callout) 

Seetion of subcutaneous layer, 200x and 640x 


24 










Skeletal System 


The skeletal system forms the internal framework 
for the soft tissues of the body. This is not a statie framework, but a highly dynamie 
internal seaffolding. It is dynamie in many ways. On one hand, because of its jointed 
design, it shows extreme flexibility of movement when aeted upon by muscles. 

At another extreme, the eells of skeletal tissue are eonstantly monitoring and 
ehanging the micro-structure of this amazing tissue ealled bone, providing 


e 


it with maximal strength, toughness, and resilienee. In addition to its dy- 
namie role of support, it also serves a proteetive role for many organs of 
the body. This dynamie framework also exhibits a tremendous eapaeity 
for growth and repair. It is a storehouse of ealeimn ions, ions that play a 
signifieant role in many of the body s ftmetions. 

The skeleton eonsists of 206 separate bones, ignoring various sesa- 
moid bones and the faet that some bones represent the fusion of multiple 
bones. These bones range in size from the small ear ossieles measuring 
a few millimeters in length to the large femur measuring up to fiffy eenti- 
meters. The skeleton is divisible into two portions, the axial skeleton and the 
appendicular skeleton. The axial skeleton includes the cranium, vertebral column, 
ribs, and sternum. The appendicular skeleton eonsists of the bones of the limbs and 
their girdles. The individual bones of the skeleton eome in a variety of shapes. Some are 
long and tubular, while others have the spread-winged appearanee of a butterfly. Bones 
ean be grouped into four shape eategories. Although not that meaningftil, the four 
eategories deseriptively group the bones. The four shape eategories are: long bones, 
short bones, flat bones, and irregular bones. Long bones are unique in hav- 
ing a diaphysis or shaft with a medullary eavity. The other bone types laek 
this hollow tubular region. The short, flat, and irregular bones are similar 
in having outer plates of eompaet bone surrounding internal eenters of 
spongy bone. In general, long bones and short bones are found in the 
appendicular skeleton, while flat bones and irregular bones occur in 
the axial skeleton. In the right hands, the skeleton ean be a library of 
information. Its markings, foramina, landmarks, and eanals eaeh tell a 
story about the soft tissues of the body. A strong foundation of skeletal 
anatomy is an important starting point in understanding anatomy. 

This ehapter eovers bone tissue and the general structure of bones and 
the skeleton. In the two ehapters that followyou will explore the two subdivi- 
sions of the skeleton — the axial skeleton and the appendicular skeleton. 
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Find more information 
about the skeletal system in 
























The tissue bone has two general forms — trabecular or spongy bone and eompaet bone. 

_ Trabecular bone is an internal bone that always resides deep to the more dense eompaet 

bone. Like its name implies, trabecular bone has many small beams of bone tissue eon- 
neeted together in complex array around obvious spaees in the tissue. To the unaided eye this gives the bone a spongy appear- 
anee. Bone marrow fills the spaees in the trabecular bone. The seeond type of bone tissue, eompaet bone, is very dense and 
solid looking to the unaided eye. Compact bone forms the outer surface of all bones and ean range in thiekness from paper thin 
to many eentimeters thiek. Mieroseopie analysis of this dense bone reveals that it has many mieroseopie spaees eontaining eells 



and blood vessels in circular arrangements ealled osteons 


Trabeeiilar bone 

200x 


Trabecular bone 

Frontal seetion 


6 Oentral eanal 

7 Lacuna 

8 Canaliculi 

9 Lamella 

10 Nucleus of osteoeyte 


1 Trabecular bone 

2 eompaet bone 

3 Trabecula 

4 Bone marrow 

5 Osteon 


Compact bone and callout of osteon 

Transverse seetion, 100x and 400x 
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Seetioned humerus 

Anterior view, proximal half frontal seetion 



Bone tissue forms during development by either replae- 

_ ing eartilage tissue precursors (endoehondral ossifieation) 

or by developing within mesenehymal eonneetive tissue 
(intramembranous ossifieation). In endoehondral ossifieation cartilaginous growth plates remain between developing bone 
eenters to allow a bone to inerease in length and size. During an individual’s young life, the growth plates are evident on a 
radiograph and are a elear indieation that the individual is still growing. 


1 Radial diaphysis 7 Metaearpal bones 

2 Radial epiphysis 8 Developing diaphysial bone 

3 Lllnar diaphysis 9 Zone of ealeified eartilage 

4 Lllnar epiphysis 10 Zone of hypertrophied eartilage 

5 Growth plate 11 Zone of proliferating eartilage 

6 Carpal bones 12 Zone of resting eartilage 



Radiograph of the wrist region of a ehild 

Posterior view 


Growth plate 

200x 
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The bones of the skeleton eome in a variety of sizes and shapes. The form of eaeh bone 

- emerges from its position and functional role in the skeletal system. In an effort to elassify 

the different bones of the body anatomists define four general eategories of bones based 
on their size and shape. Long bones, as their name suggests, are longer in one dimension than any other dimension. The 
long bones range in size from the short phalanges of the digits to the long proximal humerus and femur of the limb skeletons. 
Conversely, short bones are small, bloek-like bones. Like the long bones, short bones occur in the limb skeletons where they 
form the bones of the wrist and ankle. Flat bones are plate-like bones and are eommon in the cranium. The final eategory, 
irregular bones, is a mixed group of bones that have a variety of shapes and loeations within the skeleton. 



Flat bones 



lrregular bones 



Long bones 



Short bones 
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All bones share basie features in eommon. Compact bone tissue 

_ forms all the visible outer surface of the bone and ean vary from a 

paper-thin eovering to a thiek wall of bone. Trabecular bone tissue 
occupies the eore of the bone beneath the eompaet bone. Areas of eompaet bone eovered by articular eartilage form smooth 
subchondral eompaet bone surfaces. These subchondral bone surfaces mark the joint surfaces of bones. The photos below 
illustrate the basie parts and features of a long bone. 


1 Epiphyses 

2 Diaphysis 

3 Metaphysis 

4 Compact bone 


5 Subchondral bone 

6 Trabecular bone 

7 Medullary eavity 

8 Epiphysial line 



Femur 

Anterior view 


5 



Proximal end of femur 

Frontal seetion 


Femur 

Frontal seetion 



Distal end of femur 

Frontal seetion 
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The first appearanee of the skeletal elements arises during the seeond month of embryonie life 

_ when eonneetive tissue and eartilage precursors to the bones arise. Slowly through fetal life, 

ehildhood, puberty, and the teenage years the bones mature into their adult forms. This develop- 
mental proeess eombines more than 500 bone-forming eenters into the final 206 bones of the skeleton. This page, the faeing 
page, and the page that follows depiet ehanges in the skeleton from a newborn to an adult. 



Newborn skeleton 

Anterior view 


1 Oranial bones 

2 Vertebral eoliimn 

3 Ribs 

4 eiaviele 

5 Scapula 

6 Humerus 

7 Ulna 

8 Radius 

9 Oarpals 

10 Metaearpals 

11 Phalanges 

12 Os coxae 

13 Femur 

14 Patella 

15 Tibia 

16 Fibula 

17 Tarsals 

18 Metatarsals 



Newborn skeleton 

Posterior view 













1 Cranial bones 7 Ulna 13 Femiir 

2 Vertebral column 8 Radius 14 Patella 

3 Ribs 9 Carpals 15 Tibia 

4 eiaviele 10 Metaearpals 16 Fibula 

5 Scapula 11 Phalanges 17 Tarsals 

6 Humerus 12 Os coxae 18 Metatarsals 



Adult skeleton 

Newbom skeleton Latera i view 

Lateral view 




Axial 



The axial skel- 

eton, eomprised of the skull, vertebral column, 
ribs, and sternum, forms the eentral axis of the 
body. This sturdy eentral eore is the most primi- 
tive portion of the vertebrate skeletal system. It 
evolved as the initial skeleton of the first vertebrate 
animals, to which the limb bones (the subject of 
the next ehapter) were much later additions. The 
majority of the axial skeletons bony elements, from 
the bones at the base of the skull through all the 
vertebrae and ribs, form as serial homologues from the 
segmental embryonie somites. Because of this shared 
developmental similarity eaeh body segment, from the 
base of the skull to the end of the coccyx, has the same 
basie skeletal design. This is elearly evident in the 
structure of the vertebrae and ribs. As you study these 



skeletal elements in the photos of this ehapter, notiee 
their similarities. 

The elements of the axial skeleton have 
many fimetional roles in the body. Both the 



eranial skeleton and the vertebral column 
form a strong proteetive ease around the 
delieate tissues of the eentral nervous system. 

Additionally, the eranhim fixes in spaee impor- 
tant nervous structures, such as the internal 
ear and eye, both of which would not fimetion 
properly in an unstable environment. The era- 
nium also plays an important role in the acqui- 
sition and proeessing of food, respiratory gases, 
and sensory input such as sound. In addition to 
proteeting the spinal eord, the vertebrae form a 
strong, flexible rod. This strong, flexible column not only 
forms the eentral support axis of the body from which 
the limbs are suspended, but is also eapable of a varied 
range of joint movements that are essential to our daily 
functions. 




Find more information 
about the axial skeleton in 















The axial skeleton is elearly depieted in the photos below. Note 

_ that this portion of the skeleton eonsists of three prineipal 

skeletal regions — the eraniiim, the vertebral column, and the 
rib eage. There are 29 eranial bones, 26 vertebral bones, and 25 bones in the rib eage. On the pages that 
follow, eaeh of the axial skeletal regions and the respeetive bones will be explored in greater detail. 


1 eraniiim 

2 Hyoid bone 

3 Oervieal vertebral column 

4 Cervical vertebra 1 - Atlas 

5 Cervical vertebra 2 - Axis 

6 Oervieal vertebra 7 

7 Thoraeie vertebral column 

8 Thoraeie vertebra 1 

9 Thoraeie vertebra 12 

10 Lumbar vertebral column 

11 Lumbar vertebra 1 

12 Lumbar vertebra 5 

13 Saemrri 

14 Sternum 

15 Ribs 
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Axial skeleton 

Anterior view 




The eraniiim is the eomposite skeleton of the head and is eomposed of 29 bones. 

_ The bones of the eraniiim range from simple, non-deseript plates of bone to the 

most intrieate bones of the skeleton. The eranial bones have a range of important 
functions, that include proteeting the delieate brain tissue, fixing the vestibular apparatus of the inner ear in 
three-dimensional spaee, maintaining open air passageways for respiration, and acquiring and proeessing 
food, to name a few. There are two main subdivisions of the cranium — the neurocranium or brain box is the 
region that surrounds and eneases the brain, and the viscerocranium or faeial skeleton is the area contributing 
to the orbits, nasal eavity, and oral eavity. This page and the faeing page, and the four page spreads that follow, 
depiet the five normas, or views, of the cranium in both articulated and disarticulated eranial images. The 
bones of the skull are labeled on these views, along with key landmarks that ean only be labeled on the articu- 
lated cranium. Individual landmarks of the bones are labeled on the individual pictures of the eranial bones on 
the pages that follow. This spread is of the norma faeialis or faeial aspeet of the cranium. 


1 Frontal bone 

2 Parietal bone 

3 Oeeipital bone 

4 Sphenoid bone 

5 Temporal bone 

6 Ethmoid bone 

7 Inferior nasal eoneha 

8 Laerimal bone 

9 Nasal bone 

10 Vomer 

11 Maxilla 

12 Palatine bone 

13 Zygomatie bone 

14 Mandible 

15 Bony nasal eavity 

16 Piriform aperture 

17 Inferior nasal meatus 

18 Middle nasal meatu 

19 Orbit 
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Cranium 

Anterior view 







Bones of the eraniiim disarticulated 

Anterior view 
















This page spread depiets the norma lateralis, or lateral aspeet of the eraniiim. In this view both 
the brain box and faeial skeleton are elearly visible and the relative proportions of the two eranial 
regions are evident. In the disarticulated view, only those bones that are visible in the lateral as- 
peet are shown. 



Frontal bone 
Parietal bone 
Oeeipital bone 
Sphenoid bone 
Temporal bone 
Ethmoid bone 
Laerimal bone 
Nasal bone 
Maxilla 

Zygomatie bone 
Mandible 
Zygomatie areh 


Pterygopalatine fossa 



Cranium 

Lateral view 
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Bones of the eraniiim disarticulated 

Lateral view 
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This page spread depiets the norma oeeipitalis, or oeeipital aspeet of the cranium. From this pos- 
terior view the internal aspeets of the bones of the oral and nasal eavities are elearly visible. In the 
disarticulated view only those bones that are visible in the oeeipital aspeet of the cranium are 
depieted. 


1 Parietal bone 

2 Oeeipital bone 

3 Sphenoid bone 

4 Temporal bone 

5 Ethmoid bone 

6 Inferior nasal eoneha 

7 Vomer 

8 Maxilla 

9 Palatine bone 

10 Zygomatie bone 

11 Mandible 

12 Ohoana or posterior nasal aperture 

13 Inferior orbital fissure 

14 Bony nasal eavity 

15 Middle nasal meatus 

16 Inferior nasal meatus 

17 Bony palate 

18 Sutural bone 




Cranium 

Posterior view 
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1 Frontal bone 

2 Parietal bone 

3 Oeeipital bone 

4 Temporal bone 

5 Nasal bone 

6 Maxilla 

7 Zygomatie bone 


This page spread depiets the norma superior, or superior aspeet of the cranium. This view elearly 
depiets the neurocranium or brain box, while the faeial skeleton is almost eompletely hidden from 
view. In the disarticulated view only those bones that are visible in the superior aspeet of the cranium 
are depieted. 



Cranium 

Superior view 
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Bones of the eraniiim disarticulated 

Superior view 




This page spread depiets the norma inferior (basalis), or inferior aspeet of the cranium. The man- 
dible has been removed to more elearly reveal the basicranium. This view elearly depiets the floor 
of the brain box 5 the bony palate forming the roof of the oral eavity, and mandibular tooth row. In 
the disarticulated view only those bones that are visible in the inferior aspeet of the cranium are 
depieted. 



Oeeipital bone 
Sphenoid bone 
Temporal bone 
Vomer 
Maxilla 
Palatine bone 
Zygomatie bone 
Bony palate 

Ohoana or posterior nasal aperture 
Zygomatie areh 
Jugular foramen 
Foramen lacerum 
Greater palatine foramen 
ineisive fossa 



Cranium 

Inferior view 
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This page spread depiets the eraniiim seetioned in a parasagittal plane through the right side of 
the nasal eavity just lateral to the bony nasal septum. The seetion below depiets the lateral wall of 
the right nasal eavity, and the seetion on the opposite page depiets the medial (septal) wall of the 
right nasal eavity. The osseous sinuses that communicate with the nasal eavity are all visible in 
these seetions. 
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Parasagittal seetion of the eraniiim 

Medial view of the right side 
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This page spread depiets the eraniiim seetioned in a horizontal plane through the neurocranium, 
or brain box, revealing the internal aspeets of the floor and roof of the seetioned eranial eavity. On 
this page the floor of the neurocranium is visible, while on the opposing page the roof of the neu- 
rocranium is visible. The superior portion of the cranium, depieted on the opposite page, is ealled 
the ealvaria. 



Cranium with ealvaria removed 

Superior or internal view of the eranial base 
















1 

Frontal bone 

5 Temporal bone 

9 Foramen lacerum 

13 

Anterior eranial fossa 

2 

Parietal bone 

6 Ethmoid bone 

10 Jugular foramen 

14 

Middle eranial fossa 

3 

Oeeipital bone 

7 Clivus 

11 Petrosphenoidal fissure 

15 

Posterior eranial fossa 

4 

Sphenoid bone 

8 Foramen caecum 

12 Petro-oeeipital fissure 

16 

Granular foveolae 



Removed ealvaria 

Inferior or internal view 



The iinpaired frontal bone has a 

_ bowl-like shape that eonsists of 

two parts, an internally eoneave 
vertieal portion termed the squama and a horizontal plate that forms the superior walls of the orbits. 
The bone has a smooth external surface, while its internal surface eonsists of impressions made by the 
meningeal vessels and seattered foramina that transmit diploie vessels. The squamous portion of the 
bone is thiek. It eonsists of internal and external laminae of eompaet bone sandwiching a layer of tra- 
becular bone ealled diploè. Near the anterior, inferior midline the spongy bone is absent between the 
external and internal laminae and in its plaee are variably sized spaees — the frontal sinuses. The orbital 
plate eonsists of a thin plate of eompaet bone, which is often so thin that it is translucent. The frontal 
bone articulates with twelve bones. 




Squamous part 
Frontal tuber 
Glabella 

Superciliary areh 
Supra-orbital noteh or foramen 
Frontal noteh or foramen 
Temporal surface 
Zygomatie proeess 
Frontal erest 

Groove for superior sagittal sinus 

Nasal spine 

Orbital surface 

Troehlear spine 

Laerimal fossa 

Ethmoidal noteh 

Frontal sinus 




Frontal bone 

Anterior view 
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Frontal bone 

Posterior view 









Frontal bone 

Superior view, anterior to bottom 





Frontal bone 

Lateral view, anterior to left 



The parietal bones are large quad- 

_ rilateral bones forming the greater 

part of the roof and sides of the era- 
nium. The external surface of eaeh parietal bone is slightly convex while the internal surface is eoneave 
and marked with impressions from meningeal vessels. The inferior border forms a beveled articular sur- 
faee, while the superior, anterior, and posterior borders form deeply denticulate articular surfaces. The 
bone eonsists of inner and outer laminae of eompaet bone sandwiching a layer of trabecular bone, the 
diploè. Eaeh parietal bone articulates with five bones. 



1 Groove for sigmoid sinus 

2 Groove for superior sagittal sinus 

3 Grooves for middle meningeal artery 

4 Superior temporal line 

5 Inferior temporal line 

6 Parietal tuber 

7 Squamosal border 

8 Oeeipital border 

9 Frontal border 

10 Sagittal border 

11 Frontal angle 

12 Oeeipital angle 

13 Sphenoid angle 

14 Mastoid angle 

15 Parietal foramen 




Left parietal bone 

Lateral view, anterior to right 
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Left parietal bone 

Medial view, anterior to right 










The oeeipital bone forms the 

_ greater part of the posterior and 

inferior cranium. Viewed from 

behind it has an oval to round shape. The bone has four distinet regions. The squamous portion is the in- 
ternally eoneave posterosuperior plate and forms the greater part of the bone. The thiek quadrilateral basi- 
oeeipital, or basilar part, contributes to the base of the cranium anterior to the foramen magnum. Lateral 
to this and eonverging with the squama are the two eondylar parts or exoccipitals. Together the four re- 
gions of the bone form the borders to the large circular opening, the foramen magnum, which provides 
passage for the spinal eord between the eranial vault and the spinal eanal. The oeeipital bone articulates 
with six bones. 


1 Foramen magnum 

2 Clivus 

3 Pharyngeal tubercle 

4 Squamous part 

5 Mastoid border 

6 Lambdoid border 

7 Oeeipital eondyle 

8 Condylar eanal 

9 Hypoglossal eanal 

10 Condylar fossa 

11 Jugular tubercle 

12 Jugularnotch 

13 Jugular proeess 

14 External oeeipital protuberance 

15 Superior nuchal line 

16 Inferior nuchal line 

17 Internal oeeipital protuberance 

18 Groove for transverse sinus 

19 Groove for oeeipital sinus 

20 Groove for superior sagittal sinus 

21 Cerebral fossa 

22 Cerebellar fossa 




Oeeipital bone 

Posterior view 


Oeeipital bone 

Anterior view 
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The temporal bone is a eom- 

_ plex bone with five distinet 

parts. The squamous part of 

the bone is the thin lateral plate that contributes to the lateral wall of the cranium. It projeets anteriorly 
as the zygomatie proeess and forms the mandibular fossa for the temporomandibular joint. The styloid 
part is represented by the styloid proeess. This projeetion of bone arises from the upper elements of the 
seeond pharyngeal areh. The petrous part forms the thiek pyramidal base of the bone. It begins poste- 
rior to the external acoustic meatus as the mastoid proeess and ends where it forms a junction with the 
basi-oeeipital and greater wing of the sphenoid. The name petrous deseribes its roek-like appearanee. 
This is the thiekest part of the temporal bone. It arises from the otie capsules that stabilize the delieate 
internal ear structures. The mastoid is the posterolateral protuberance of the petrous portion that is easily 
palpable just posterior to the ear. The tympanie part of the temporal bone is the ring-like plate that forms 
the walls of the external acoustic meatus. Eaeh temporal bone articulates with five bones. 




Petrous part 

Mastoid proeess 

Mastoid noteh 

Groove for sigmoid sinus 

Carotid eanal 

Apex of petrous part 

Musculotubal eanal 

Tegmen tympani 

Hiatus for greater petrosal nerve 

Hiatus for lesser petrosal nerve 

Trigeminal impression 

Internal acoustic meatus 

Mastoid canaliculus 

Tympanie canaliculus 

Styloid proeess (broken) 

Stylomastoid foramen 

Jugular noteh 

Tympanie ring 

External acoustic meatus 

Greater tympanie spine 

Lesser tympanie spine 

Squamous part 

Zygomatie proeess 

Mandibular fossa 

Articular tubercle 

Petrotympanie fissure 

Tympanomastoid fissure 



Left temporal bone 

view, anterior to left 
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Left temporal bone 

Medial view, anterior to right 
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Left temporal bone 

Superior view, anterior at top 


Left temporal bone 

Inferior view, anterior at bottom 




The sphenoid bone is a eom- 

_ plex bone that has the spread 

-winged appearanee of a but- 

terfly. Like it name suggests, it is wedged into the eenter of the cranium where it articulates with twelve 
neighboring bones and contributes to much of the eranial base. It is divisible into four prineipal eompo- 
nents — the body, greater wings 5 lesser wings, and pterygoid proeesses. With the ealvaria removed the 
bone is visible from any view. This bone plays a prominent role at the base of the skull. It supports the 
brain, serves to proteet the optie stalks and capsules, provides passage for many vessels and nerves 
entering and leaving the skull, and forms a sinus eavity that communicates with the nasal eavity. 


1 Jugum 

2 Sella turcica 

3 Tuberculum sellae 

4 Hypophysial fossa 

5 Dorsum sellae 

6 Posterior elinoid proeess 

7 Middle elinoid proeess 

8 Carotid sulcus 

9 Sphenoidal erest 

10 Sphenoidal rostrum 

11 Sphenoidal sinus 

12 Sphenoidal eoneha 

13 Lesserwing 

14 Optieeanal 

15 Anterior elinoid proeess 

16 Superior orbital fissure 

17 Greaterwing 

18 Infratemporal erest 

19 Orbital surface 

20 Foramen rotundum 

21 Foramen ovale 

22 Foramen spinosum 

23 Spine of sphenoid bone 

24 Lateral plate of pterygoid proeess 

25 Medial plate of pterygoid proeess 

26 Pterygoid noteh 

27 Pterygoid fossa 

28 Seaphoid fossa 

29 Vaginal proeess 

30 Pterygoid hamulus 

31 Pterygoid eanal 



Sphenoid bone 

Anterior view 



Sphenoid bone 

Posterior view 
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The maxillae are large, paired 

_ bones that unite to form the upper 

jaw. They also contribute to the 

walls of the nasal eavity, orbit, oral eavity, and maxillary sinus. The maxillary sinus is the hollow eentral 
eavity within the large body of the maxilla. Four variable-shaped proeesses projeet from the maxillary 
body. The proeesses are the posterolateral zygomatie proeess, the medial projeeting palatine proeess, 
the arehed inferior proeess ealled the alveolar, and the superiorly projeeting frontal proeess. Eaeh 
maxilla articulates with nine bones. 



1 Orbital surface 

2 Infra-orbital groove 

3 Infra-orbital foramen 

4 Anterior nasal spine 

5 Oanine fossa 

6 Maxillary tuberosity 

7 Laerimal groove 

8 Maxillary sinus 

9 Greater palatine groove 

10 Frontal proeess 

11 Zygomatie proeess 

12 Palatine proeess 

13 ineisive eanal 

14 Alveolar proeess 

15 Interalveolar septum 




Left maxilla 

Anterior view 


Left maxilla 

Posterior view 









The mandible, the largest of 

_ the faeial bones, forms the 

lower jaw. The bone has an 

arehed body with a tooth-bearing alveolar proeess. Posteriorly eaeh side of the arehed body joins the verti- 
eally direeted rami at the mandibiilar angle. The superior aspeets of the two rami articulate with the 
temporal bones at the base of the eraniiim. The mandible is a strong bone eomposed predominantly of 
eompaet bone. It houses the lower tooth row in its alveolar areh. The strong mastieatory muscles aet on 
this bone to move it in the temporomandibular joint. Its shape ean vary exceedingly with age. If the teeth 
are lost, bone gets resorbed on the alveolar surface leading to the thinning of the dental areh. The man- 
dible articulates with two bones. 



1 Body of mandible 

2 Mental protuberance 

3 Mental foramen 

4 Mental tubercle 

5 Oblique line 

6 Digastrie fossa 

7 Mental spines 

8 Mylohyoid line 

9 Submandibular fossa 

10 Alveolar part 

11 Retromolar triangle 

12 Ramus of mandible 

13 Angle of mandible 

14 Mandibular foramen 

15 Ooronoid proeess 

16 Mandibular noteh 

17 Oondylar proeess 

18 Head of mandible 

19 Pterygoid fovea 

20 Masseterie tuberosity 

21 Pterygoid tuberosity 



Mandible 

Anterior view 



Mandible 

Posterior view 
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Mandible 

Superior view, anterior at bottom 



Mandible 

Inferior view, anterior at bottom 


Mandible 

Lateral view, anterior to right 
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The term ethmoid eomes from the 

_ Greek term ethmos meaning 

sieve. Galen ealled the bone the 

sieve-like bone because of the many small foramina that transmit the olfaetory nerves to the nasal eavity. 
This unpaired bone is both complex and delieate and is the eentral bone of the nasal eavity. Wedged be- 
tween the two orbits, the bone eonsists of a median vertieal plate, a horizontal plate perforated by many 
small foramina, and bilateral pneumatic, labyrinthine regions. The labyrinthine regions form most of the 
medial walls of the orbit and the superior and middle nasal eonehae. This bone eonsists of thin laminae of 
eompaet bone surrounding many small air sinuses, which eomrrmnieate with the nasal eavity. The ethmoid 
bone articulates with thirteen bones, more articulations than any other eranial bone. 



1 Cribriform plate 

2 Cribriform foramina 

3 Crista galli 

4 Perpendicular plate 

5 Ethmoidal air eells 

6 Orbital plate 

7 Superior nasal eoneha 

8 Middle nasal eoneha 

9 Ethmoidal bulla 

10 llneinate proeess 

11 Ethmoidal infundibulum 



Ethmoid bone 

Anterior view 





Ethmoid bone 

Superior view, anterior at top 



Ethmoid bone 

Posterior view 



Ethmoid bone 

Inferior view, anterior at top 
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Ethmoid bone 

Lateral view, anterior at right 





The zygomatie bone, origi- 

_ nally named by Galen the 

os zygoma, eomes from 

the Greek word zygon meaning yoke, after its resemblanee to a yoke plaeed on oxen. This yoke-shaped 
bone has three distinet surfaces, five borders, and two proeesses. It is situated anterolateral on the faee 
as the “eheekbone”, and contributes to the lateral and inferior walls of the orbit. It eonsists of external and 
internal laminae of eompaet bone with an inner eore of spongy bone. The zygomatie bone articulates with 
four bones. 


1 Orbital surface 

2 Temporal surface 

3 Lateral surface 

4 Temporal proeess 

5 Frontal proeess 

6 Zygomatieo-orbital foramen 

7 Zygomatieofaeial foramen 

8 Zygomatieotemporal foramen 



Right zygomatie bone 

Anterior view 



Right zygomatie bone 

Posterior view 





Right zygomatie bone 

Superior view, anterior to top 



Right zygomatie bone 

Inferior view, anterior to top 



Right zygomatie bone 

Lateral view, anterior to right 


Right zygomatie bone 

Medial view, anterior to left 
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The palatine bone is a delieate 

_ and intrieate bone that forms the 

shape of the letter L. It sits deep 

in the posterior faeial region where it contributes to the roof of the mouth, floor of the orbit, floor and 
lateral walls of the nasal eavity, and to the pterygopalatine fossa. It has a strong horizontal plate with a 
delieate vertieal lamina that proieets superiorly. The palatine bone articulates with six bones. 


1 Perpendicular plate 

2 Sphenopalatine noteh 

3 Greater palatine groove 

4 Pyramidal proeess 

5 Orbital proeess 

6 Lesser palatine foramina 

7 Posterior nasal spine 

8 Oonehal erest 

9 Horizontal plate 



Left palatine bone 

Superior view, anterior at top 



Left palatine bone 

Inferior view, anterior at bottom 



Left palatine bone 

Anterior view, lateral at right 



Left palatine bone 

Posterior view, lateral at left 



66 


Left palatine bone 

Lateral view, anterior at left 


Left palatine bone 

Medial view, anterior at right 


The vomer is a flat, triangular bone 

_ that resembles a plow. It has a flat, 

median, vertieal blade-like proeess 
with transverse posterosuperior projeetions resembling the handles of the plow. This is a small, thin, 
unpaired bone that sits in the median plane. It is wider at its superoposterior base and it tapers toward its 
antero-inferior apex. It forms the inferior portion of the bony nasal septum. Its surfaces faee laterally and 
form the lower, medial wall of the nasal eavities. The vomer articulates with six bones and one eartilage. 



1 Ala of vomer 

2 Vomerine groove 

3 Vomerine erest of ehoana 

4 Cuneiform part 



Vomer 

Lateral view, anterior at left 



Vomer 

Anterior view 



Vomer 

Posterior view 



Vomer 

Superior view, anterior at bottom 



Vomer 

Inferior view, anterior at bottom 
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The paired nasal bones are small, reet- 

_ angular bones with a subtle bow-like 

shape. They form the bridge of the nose 
upon which a pair of eye glasses rest. The external surface of the bones provides attaehment for the 
proeems and nasalis muscles, two thin muscles of faeial expression. Eaeh nasal bone articulates with 
four bones. 



1 Ethmoidal groove 

2 Nasal foramina 

3 Superior border 

4 Inferior border 

5 Lateral border 

6 Medial border 



Left nasal bone 

Anterior view, lateral at left 


Left nasal bone 

Posterior view, lateral at right 



Left nasal bone 

Lateral view, anterior at right 



Left nasal bone 

Medial view, anterior at left 




Left nasal bone 

Superior view, anterior at bottom 


Left nasal bone 

Inferior view, anterior at bottom 
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This is a small, delieate bone that projeets from the lateral wall of the nasal eavity. It is seroll-like in appear- 
anee as it arehes inferiorly and laterally from the nasal eavity’s lateral wall. The medial surface of the bone 
is convex and furrowed by many longitudinal grooves that transport blood vessels beneath the thiek nasal 
mucosa that eovers this surface. The lateral surface of the bone is eoneave and forms most of the supe- 
rior and medial boundary of the inferior nasal meatus. The inferior border of the bone has a rough, spongy 
appearanee. Superiorly the bone forms an articular border with four bones. 



1 Laerimal proeess 

2 Maxillary proeess 

3 Ethmoidal proeess 

4 Lateral surface 

5 Medial surface 



Left inferior nasal eoneha 

Anterior view, lateral at left 



Left inferior nasal eoneha 

Posterior view, lateral at right 



Left inferior nasal eoneha 

Lateral view, anterior at right 



Left inferior nasal eoneha 

Medial view, anterior at left 



Left inferior nasal eoneha Left inferior nasal eoneha 

Siiperior view, anterior at right Inferior view, anterior at right 
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The laerimal bone derives its name 

_ from the Latin word meaning 

tear because the bone houses 

the “tear duct.” This small, delieate, quadrate-shaped bone has a vertieal axis that is slightly longer than 
its horizontal axis. It is extremely thin. VVhen it is held up to a light source, the light easily penetrates the 
bone. The bone sits in the anterior part of the medial wall of the orbit. The orbital surface is smooth and 
flat in its posterior half where it contributes to the medial wall of the orbit. Anteriorly this surface has a 
longitudinal groove that ends posteriorly in a longitudinal erest that is hook-shaped inferiorly. This groove 
supports the nasolaerimal duct. Covered with mucous membrane, the slightly rough, medial surface of the 
bone contributes to the nasal eavity. The laerimal bone articulates with four bones. 



1 Posterior laerimal erest 

2 Laerimal groove 

3 Laerimal hamulus 



Left laerimal bone 

Anterior view, lateral at right 


Left laerimal bone 

Posterior view, lateral at left 



Left laerimal bone 

Lateral view, anterior at left 




Left laerimal bone 

Medial view, anterior at right 



Left laerimal bone 

Superior view, lateral at right 



Left laerimal bone 

Inferior view, lateral at left 
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The auditory ossieles are 

_ the smallest bones of the 

human skeleton. These 

three small bones occupy the middle ear eavity, where they transmit and amplify the sound waves from the tympanie mem- 
brane to the inner ear. From lateral to medial the bones are the malleus, the incus, and the stapes, or in layman’s terms the 
hammer, the anvil, and the stirmp, because of their striking resemblanee to these structures. 


1 Malleus 

2 lncus 

3 Stapes 

4 Handle of malleus 

5 Head of malleus 

6 Neek of malleus 

7 Lateral proeess 

8 Anterior proeess 

9 Body of incus 



Auditory ossieles in situ within temporal bone 

Anterior view, left temporal bone 



Left auditory ossieles 

Anterior view, lateral at left 



Left malleus 

Anterior view, lateral at left 



Left incus 

Lateral view, anterior at left 
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Left stapes 

Superior view, lateral at left 
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Suspended from the styloid proeesses 

_ of the temporal bones by the stylohyoid 

ligaments, the IJ-shaped hyoid bone 
occupies the ventrosuperior neek just inferior to the mandible. It serves as a skeletal attaehment site for 
muscles assoeiated with the tongue, larynx, and pharynx. It eonsists of five elements — a body and bilat- 
eral lesser and greater cornua. The body is the rectangular ventral element that sits in the transverse 
plane. Projeeting posterolaterally from the body are the paired, long, slender greater cornua. At the junc- 
tion of the greater cornua and the body are smaller superior projeetions, the lesser cornua. 


1 Body 

2 Lesser horn 

3 Greater horn 



Hyoid bone 

Anterior view 



Hyoid bone 

Lateral view, anterior at right 
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Hyoid bone 

Superior view, anterior at bottom 


The vertebral column eonsists of 26 bones that develop 

_ from a series of 33 identieal embryonie body segments. Be- 

cause they develop from similar repeating segments, eaeh 
of the vertebrae has a similar structure. The bones of the vertebral column are grouped into seven eervieal ver- 
tebrae, twelve thoraeie vertebrae, five lumbar vertebrae, the saemrn eonsisting of five fused segments, and the 
coccyx eomprised of three to five fused segments, most typieally four. The column is the eentral axis of the body 
that supports the limbs and the cranium, proteets the spinal eord, and provides attaehment for muscles that 
move this flexible column of bones. 
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1 Cervical vertebrae 

2 Thoraeie vertebrae 

3 Lumbar vertebrae 

4 Saemrri 

5 Coccyx 

6 Thoraeie kyphosis 

7 Saeral kyphosis 

8 Cervical lordosis 

9 Lumbar lordosis 

10 Intervertebral foramen 
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Vertebral column 

Anterior view 


Vertebral column 

Lateral view, anterior at right 


Vertebral column 

Posterior view 
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There are seven eervieal vertebrae, which are the verte- 

_ brae with the greatest variation in shape. They form a 

delieate column of bones having a wide range of mobility 
at their joint surfaces. This is due to the faet that the first two eervieal vertebrae, the atlas and axis, have forms 
that differ signifieantly from the remaining five vertebrae in the series. These differenees arise as they beeome 
modified to provide the support and movement of the skull. The remaining eervieal vertebrae show a lesser 
degree of mobility and have more uniform shapes. With few exceptions, the eervieal vertebrae ean be readily 
distinguished by the presenee of a foramen in their transverse proeesses. 


1 Vertebral body 

2 Pediele 

3 Lamina 

4 Superior vertebral noteh 

5 Inferior vertebral noteh 

6 Vertebral foramen 

7 Spinous proeess 

8 Transverse proeess 

9 Superior articular proeess/faeet 

10 Inferior articular proeess/faeet 

11 Transverse foramen 


12 Anterior tubercle of eostal proeess 

13 Posterior tubercle of eostal proeess 

14 Lateral mass 

15 Anterior areh 

16 Anterior tubercle of anterior areh 

17 Faeetfordens 

18 Posterior areh 

19 Posterior tubercle of posterior areh 

20 Groove for vertebral artery 

21 Dens 

22 Anterior articular faeet of dens 





Typieal eervieal vertebra 

Lateral view, anterior at right 


Typieal eervieal vertebra 

Superior view, anterior at bottom 



Typieal eervieal vertebra 

Anterior view, superior at top 



Typieal eervieal vertebra 

Posterior view, superior at top 
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Atlas, ist eervieal vertebra 

Superior view, anterior at bottom 


Axis, 2nd eervieal vertebra 

Superior view, anterior at bottom 


Atlas, ist eervieal vertebra 

Lateral view, anterior at right 


Axis, 2nd eervieal vertebra 

Lateral view, anterior at right 


Atlas, ist eervieal vertebra 

Anterior view, superior at top 


Axis, 2nd eervieal vertebra 

Anterior view, superior at top 






Atlas, ist eervieal vertebra 

Posterior view, superior at top 
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Axis, 2nd eervieal vertebra 

Posterior view, superior at top 


The thoraeie portion of the vertebral column, eonsisting of 
the tvvelve thoraeie vertebrae, get progressively larger 
from the eranial end to the caudal end of the series. Except 
at its junction vvith the lumbar vertebrae, the thoraeie region is the least mobile region of vertebral column. In 
addition to articulating vvith eaeh other, the thoraeie vertebrae also articulate vvith the ribs. Additionally, the laminae 
and spines of these vertebrae projeet inferiorly to overlap the next vertebra belovv. This suite of eharaeters 
produces a strong imbrieated column of bone that forms the impressive thoraeie rib eage. Because of their 
assoeiation vvith the ribs, the thoraeie vertebrae are readily identified by the eostal articular faeets, vvhieh are 
present on the bodies and transverse proeesses. 


Vertebral body 

Pediele 

Lamina 

Superior vertebral noteh 
Inferior vertebral noteh 
Spinous proeess 


7 Transverse proeess 

8 Superior articular proeess/faeet 

9 Inferior articular proeess/faeet 

10 Superior eostal faeet 

11 Inferior eostal faeet 

12 Transverse eostal faeet 
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Thoraeie vertebra 

Superior view, anterior at bottom 


Thoraeie vertebra 

Lateral view, anterior at right 
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Thoraeie vertebra 

Anterior view, superior at top 


Thoraeie vertebra 

Posterior view, superior at top 



There are five lumbar vertebrae that form the lumbar portion 

_ of the vertebral column. The mobile vertebrae of this region 

are the largest of the true or mobile vertebrae. Their large 
size and laek of transverse foramina and eostal faeets are their diagnostie features. They form a strong column 
of support at the base of the vertebral column. The articular proeesses of the lumbar vertebrae are robust and 
have their faeets oriented in the sagittal plane to provide for the flexion and extension movements eharaeteristie 
of the lumbar vertebral column. They have thiek pedieles arising from the superior aspeet of the vertebral body. 
The laminae are thiek and short and projeet posteriorly to unite as thiek, quadrilateral spinous proeesses. The 
vertebral bodies have a large elliptieal shape when viewed from above. 


1 Vertebral body 

2 Pediele 

3 Lamina 

4 Superior vertebral noteh 

5 Inferior vertebral noteh 

6 Spinous proeess 


7 Transverse proeess (eostal proeess) 

8 Superior articular proeess/faeet 

9 Inferior articular proeess/faeet 

10 Aeeessory proeess (morphologieal transverse proeess) 

11 Mammillary proeess 




Lumbar vertebra 

Lateral view, anterior at right 


Lumbar vertebra 

Superior view, anterior at bottom 



Lumbar vertebra 

Anterior view, superior at top 


Lumbar vertebra 

Posterior view, superior at top 





The sacrum is a large triangular-shaped mass that 
_ forms from the fusion of five vertebroeostal segments. 

The base of the triangle is superior and tapers to a flat- 
tened apex inferiorly. It is eoneave anteriorly and convex posteriorly. The lateral margins of the triangle are widest 
superiorly where the bone articulates with the two ilia. Forming the large basal portion of the vertebral column, 
the bone wedges between the two os coxae to form the posterior element of the pelvie skeleton. Its ventral sur- 
faee, smoother than the rough dorsal surface, forms the posterior wall of the pelvis. Within this triangular mass 
of bone is a hollow saeral eanal. This eanal opens through foramina onto the ventral and dorsal surfaces of the 
bone. It forms a large oval surface superiorly that articulates with the fifth lumbar vertebra and a smaller oval 
faeet at its apex for articulation with the coccyx. 

The coccyx is the terminal end of the vertebral column. It is a triangular bone that forms from the fusion 
of three to five vertebral segments, most eommonly from four fused vertebrae. The superior surface of the first 
segment’s body forms an oval articular surface with the inferior surface of the fifth saeral segment. 


1 Promontory 

2 Alaorwing 

3 Superior articular proeess 

4 Auricular surface 

5 Saeral tuberosity 

6 Pelvie surface 

7 Transverse ridges 

8 Anterior saeral foramina 

9 Posterior saeral foramina 

10 Median saeral erest 

11 Intermediate saeral erest 

12 Lateral saeral erest 

13 Saeral cornu 

14 Saeral eanal 

15 Saeral hiatus 

16 Apex 

17 Coccygeal cornu 
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Sacrum and coccyx 

Lateral view, anterior at right 
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Sacrum and coccyx 

Anterior view, superior at top 


Sacrum and coccyx 

Posterior view, superior at top 
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There are tvvelve paired ribs, a pair for eaeh of the tvvelve thoraeie vertebrae. The ribs unite the 

_ thoraeie vertebrae to the sternum via eostal eartilages to form the thoraeie skeleton, a flexible, 

bony vvall that proteets thoraeie viseera and faeilitates respiratory function. Although only the 
tvvelve thoraeie ribs are named ribs, there are in reality ribs at every vertebral level. The eervieal, lumbar, 
saeral, and eoeeygeal ribs fuse to their eorresponding vertebrae to contribute to the formation of the trans- 
verse proeess. The ribs ean be divided into tvvo groups — true ribs and false ribs. The last tvvo false ribs are 
ealled floating ribs. True ribs, ribs one through seven, are those that have their eostal eartilages attaehed 
direetly to the sternum. False ribs, ribs eight through tvvelve, have eostal eartilages that do not attaeh direetly 
to the sternum. The eostal eartilage of eaeh of the first three false ribs attaehes to the eartilage of the rib 
superior to it. The last tvvo false ribs do not attaeh to other ribs and are therefore ealled floating ribs. 



Left sixth rib 

Posterior view, superior at top 



/ 
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Ribs and thoraeie vertebra 

Superior view, posterior at top 






The sternum is the anterior bone of the thoraeie wall. It forms from six segmental 

_ elements, or sternebrae, that fuse during development. The bone has the appear- 

anee of a sword with a wide handle ealled the manubrium, a tapering blade or 
body, and a sharp point-like apex named the xiphoid proeess. A distinet angle forms at the junction of the 
manubrium and the body. This angle is ealled the sternal angle. A horizontal plane extended posteriorly 
interseets the dise between the fourth and fifth thoraeie vertebrae and marks the top of the heart in the thoraeie 
eavity. The lateral margins of the bone are notehed for reeeption of the eostal eartilages and elavieles. Its 
anterior surface is slightly convex, while the posterior surface is weakly eoneave. The sternum articulates 
with sixteen bones, more articulations than any other bone in the body. 

1 Manubrium 5 Body 

2 Clavicular noteh 6 Xiphoid proeess 

3 Jugular or suprasternal noteh 7 Costal notehes 

4 Sternal angle 




Sternum 

Anterior view, superior at top 



Sternum 

Lateral view, anterior at left 



Sternum 

Posterior view, superior at top 
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Sternum 

Superior view, posterior at top 


Appendicular Skeleton 



The appendicular portion of the 
skeleton forms the framework of the limbs. It includes the limb 
girdles, or fixed portion of the appendicular skeleton, and the 
series of bones that extend distally from the girdles into the 
limb proper, or free portion of the limb. The limb girdles, 
peetoral and pelvie, help anehor the limb to the axial 
skeleton. The free portion of eaeh limb eonsists of a 
large proximal element, the humerus and femur, 
forming the skeleton of the arm and thigh, respee- 
tively. Next in sequence are the ulna and radius of the 
forearm, and the fibula and tibia of the leg. The distal- 
most regions of the limbs are the hand and foot eon- 
sisting of the short earpal and tarsal bones, respeetively, 


along with the metaearpals, metatarsals, and phalan- 
ges of the digits. 

As the tetrapod (land) vertebrates evolved, a 
major differenee emerged between the two 
limbs. The anterior, or upper limb, evolved as 
a steering deviee, while the posterior, or lower 
limb, beeame the loeomotor limb. Aeeom- 
panying these evolutionary modifieations in 
limb fimetion were important morphologieal 
differenees. The powerful loeomotor hind limb 
developed strong attaehments to the axial skeleton. 

The strong iliosaeral joint, with its aeeompanying 
ligaments, transfers the powerful forees generated 
by the posterior limb to the axial skeleton to propel the 
body forward. On the other hand, the anterior limb developed 
minimal, weak skeletal attaehments between the girdle and axial 
skeleton while beeoming a more mobile limb. 

As you study the skeleton of the limbs in the photos that follow, note the 
similarities and differenees that exist between the bones of the superior and 
inferior limb skeletons and think about the fimetional differenees men- 
tioned above. 




Find more information 
about the appendienlar 
skeleton in 


ANATOMY 




A 














Eaeh siiperior limb eonsists of 32 bones. The proximal end of the supe- 
_ rior limb, the elaviele and scapula, form the peetoral or shoulder girdle. 

This girdle of bones provides a broad base of support that is primarily 
anehored to the axial skeleton by muscles rather than ligaments. The free part of the upper limb eonsists of 
the humerus, radius, ulna, and hand. The humerus forms the skeletal framework for the brachium. Distal to 
the brachium is the antebrachium eontaining the radius and ulna. The distal-most region of the superior limb 
is the hand eonsisting of a wrist region of eight earpal bones, the palm region eonsisting of five metaearpal 
bones, and the fourteen phalanges of the fingers and thumb. 




Left upper limb 

Anterior view 


Left upper limb 

Posterior view 
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The peetoral, or shoulder, girdle eonsisting of the scapula and the 

_ elaviele forms the base of the upper limb skeleton. The rod-like 

elaviele forms a horizontal strut that links the scapula to the sternum 
of the axial skeleton. The large triangular scapula presents an extensive surface area for muscle attaehment 
and a large lateral fossa that articulates with the humerus of the free part of the upper limb. Except for the weak 
joint formed between the elaviele and the sternum, the peetoral girdle is essentially unattached by ligaments or 
joints to the axial skeleton. This was paramount in the evolutionary role of this limb as a steering deviee and 
shoek absorber during loeomotion. 




1 Scapula 

2 eiaviele 


Left peetoral girdle 

Lateral view 



Left peetoral girdle 

Superior view 


The elaviele has an S-shaped appearanee that ean range from an almost straight, 

_ shallow S-curve shape to a deeper, more prominent S-curve shape. The curve at 

the medial or sternal end of the bone is eoneave posteriorly, while the curve at the 
lateral or aeromial end is eoneave anteriorly. This is one of the more variable bones of the skeleton. It is 
typieally smooth and straight in females and rougher and more curved in males. The bone forms the ventral 
strut of the peetoral girdle that props the shoulder joint away from the rib eage. It is subcutaneous and easily 
palpable throughout its length. This eombination of features makes it susceptible to fracture from falls onto 
the limb. The elaviele articulates with the three bones — the scapula, sternum, and first rib. 


1 Sternal end 

2 Sternal faeet 

3 Impression for costoclavicular ligament 

4 Shaft or body 

5 Subclavian groove 

6 Aeromial end 

7 Aeromial faeet 

8 Tuberosity for coracoclavicular ligament 

9 Conoid tubercle 
10 Trapezoid line 



Left elaviele 

Superior view, lateral to right 



Left elaviele 9 


Inferior view, lateral to right 
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Left elaviele 

Posterior view, lateral to left 



Left elavíele 

Lateral view, anterior to left 


Left elaviele 

Medial view, anterior to right 



The scapula is a flat, triangular bone with three prominent projeetions. The flattened 

_ triangular portion of the bone, the body, spans from the seeond to the seventh rib and 

eonsists of three borders (superior, lateral, and medial) and three angles (superior, in- 
ferior, and lateral) and is typieally a very thin plate of bone. Its lateral angle is conspicuous as it forms the gle- 
noid fossa, or shoulder soeket that articulates with the head of the humerus. Its three prominent projeetions are 
the anterior projeeting eoraeoid proeess, the posterior projeeting ridge ealled the spine, and the flat laterally 
projeeting aeromion, which forms the lateral expansion of the spine. The scapula articulates with two bones — the 
elaviele and the humerus. 


1 Subscapular fossa 

2 Spine 

3 Deltoid tubercle 

4 Supraspinous fossa 

5 lnfraspinous fossa 

6 Aeromion 

7 Clavicular faeet 

8 Aeromial angle 

9 Medial border 
10 Lateral border 


11 Superior border 

12 Suprascapular noteh 

13 Inferior angle 

14 Superior angle 

15 Glenoid eavity 

16 Supraglenoid tubercle 

17 Infraglenoid tubercle 

18 Neek 

19 Coracoid proeess 




Left scapula 

Anterior view, lateral to right 


Left scapula 

Lateral view, anterior to right 
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Left seapiila 

Posterior view, Lateral to left 



Left scapula 

Superior view, lateral to left 





The humerus is the skeletal element of the brachium and it is the largest bone of 

_ the upper limb. It has a long eylindrieal shaft that expands at the proximal and 

distal ends. The proximal end is rounded, while the distal end is flattened from 
anterior to posterior. The ends eonsist of a spongy eore of bone eovered with a thin lamina of eompaet bone. 
The shaft is a eylinder of thiek eompaet bone surrounding a large medullary eavity. The humerus articulates 
with three bones — the scapula, ulna, and radius. 


1 Head 

2 Anatomieal neek 

3 Surgical neek 

4 Greater tubercle 

5 Lesser tubercle 

6 lntertubercular sulcus or groove 

7 Crest of greater tubercle 

8 Crest of lesser tubercle 

9 Shaft or body 

10 Groove for radial nerve 

11 Medial supracondylar ridge 

12 Deltoid tuberosity 

13 Capitulum 

14 Troehlea 

15 Oleeranon fossa 

16 Coronoid fossa 

17 Radial fossa 

18 Medial epieondyle 

19 Groove for ulnar nerve 

20 Lateral epieondyle 




Left humerus 

Anterior view, lateral to right 


Left humerus 

Posterior view, lateral to left 




Left humerus 

Superior view, lateral to left 





Left humerus 

Inferior view, lateral to right 


Left humerus 

Lateral view, anterior to left 


Left humerus 

Medial view, anterior to right 




The ulna is the medial and longer bone of the antebrachium. It is thiek and notehed at its proxi- 
mal end where it is a major contributor to the elbow joint. From the notehed proximal end it 
tapers to a thin shaft that ends distally as a small rounded head. The ulna articulates with two 


bones 


the humerus and the radius. 


1 Oleeranon 

2 Ooronoid proeess 

3 lllnar tuberosity 

4 Radial noteh 

5 Troehlear noteh 

6 Shaft or body 

7 lnterosseous border 

8 Anterior border 

9 Posterior border 

10 Supinator erest 

11 Head 

12 Articular circumference 

13 Lllnar styloid proeess 




Left ulna 

Anterior view, lateral to right 


Left ulna 

Posterior view, lateral to left 





The radius is the lateral, slender, rod-like bone of the antebrachium. The rod-like shaft 

_ expands at both ends. The proximal end forms a wheel-like head with a proximal eon- 

eavity, while the distal end expands from medial to lateral to form the widest part of the 
bone. The distal end is eoneave anteriorly and convex and grooved posteriorly. The ridge-like borders of the 
shaft give it a triangular shape in eross seetion. The radius articulates with four bones — the humerus, ulna, 
seaphoid, and lunate. 


1 Head 

2 Articular faeet 

3 Articular circumference 

4 Neek 

5 Shaft or body 

6 Radial tuberosity 

7 Pronator tuberosity 

8 lnterosseous border 

9 Anterior border 

10 Posterior border 

11 Radial styloid proeess 

12 Suprastyloid erest 

13 Dorsal tubercle 

14 Groove for extensor muscle tendons 

15 (Jlnarnoteh 

16 Carpal articular surface 



Left radius 

Anterior view, lateral to right 



Left radius 

Posterior view, lateral to left 
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1 Seaphoid 

2 Liinate 

3 Triquetrum 

4 Pisiform 

5 Trapezium 

6 Trapezoid 

7 Capitate 

8 Hamate 


9 Metaearpal I 

10 Metaearpal II 

11 Metaearpal III 

12 Metaearpal IV 

13 MetaearpalV 

14 Proximal phalanx 

15 Middle phalanx 

16 Distal phalanx 



Left hand 

Posterior view, lateral to right 


The eight earpal bones form the proximal end 

_ of the hand skeleton. The main features of this 

complex little series of bones are the numer- 
ous articular surfaces they form with one another and with the metaearpal and ante- 
braehial bones. The earpal bones form two rows of four bones eaeh. The two largest 
bones of the proximal row, the seaphoid and the lunate, articulate with the distal end 
of the radius. The row of distal bones form the skeletal foundation for the fingers and 
articulate with the metaearpal bones of the fingers and thumb. The anterior surface of 
the earpal bones forms the floor of the earpal tunnel that supports the major digital 
flexor tendons that enter the hand. 




Left trapezium 

Anterior view, lateral to left 


Left trapezoid 

Anterior view, lateral to left 



Left eapitate 

Anterior view, lateral to left 



Left hamate 

Anterior view, lateral to left 




Left seaphoid 

Anterior view, lateral to left 



Left lunate 

Anterior view, lateral to left 


Left triquetrum 

Anterior view, lateral to left 


Left pisiform 

Anterior view, lateral to left 
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Trapeziiim 

1 Tubercle of trapezium 

2 Articular surface with seaphoid 

3 Articular surface with trapezoid 

4 Articular surface with first metaearpal 

5 Articular surface with seeond metaearpal 
Trapezoid 

6 Articular surface with seaphoid 

7 Articular surface with trapezium 

8 Articular surface with eapitate 

9 Articular surface with first metaearpal 
Capitate 

10 Articular surface with seaphoid 

11 Articular surface with lunate 

12 Articular surface with trapezoid 

13 Articular surface with hamate 

14 Articular surface with seeond metaearpal 

15 Articular surface with third metaearpal 

16 Articular surface with fourth metaearpal 
Hamate 

17 Hook of hamate or hamulus 

18 Articular surface with lunate 

19 Articular surface with triquetrum 

20 Articular surface with fourth metaearpal 

21 Articular surface with fifth metaearpal 


Seaphoid 

22 Seaphoid tubercle 

23 Articular surface with radius 

24 Articular surface with trapezium 

25 Articular surface with trapezoid 

26 Articular surface with eapitate 

27 Articular surface with lunate 

Lunate 

28 Articular surface with radius 

29 Articular surface with seaphoid 

30 Articular surface with eapitate 

31 Articular surface with hamate 

32 Articular surface with triquetrum 

Triquetrum 

33 Articular surface with lunate 

34 Articular surface with pisiform 

35 Articular surface with hamate 

Pisiform 

36 Articular surface with triquetrum 




Left hamate 

Posterior view, lateral to right 




Left eapitate 

Posterior view, lateral to right 



Left trapezoid 

Posterior view, lateral to right 





Left trapeziiim 

Posterior view, lateral to right 



Left pisiform 

Posterior view, lateral to right 




Left triquetrum 

Posterior view, lateral to right 


Left lunate 

Posterior view, lateral to right 



Left seaphoid 

Posterior view, lateral to right 
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The five digital rays of the hand eonsist of a series of four bones, except in the thumb 
where there are only three bones, that deerease in length from proximal to distal. Form- 
ing the skeleton of the palmar region of the hand are the stout metaearpal bones. Note 
their saddle-like bases and rounded heads. The anterior-posterior flattened phalanges 
projeet into the proper portion of the fingers and thumb from the metaearpal bones. 



Left phalanges 

Anterior view, thumb to left 
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Left metaearpal bones, numbered I to V from lateral to medial 

Anterior view, thumb to left 


i J 




Base of metaearpal 

Shaft or body of metaearpal 

Head of metaearpal 

Styloid proeess of third metaearpal 


Base of phalanx 
Shaft or body of phalanx 
Head of phalanx 
Troehlea of phalanx 
Tuberosity of distal phalanx 








i i 
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Left phalanges 

Posterior view, thumb to right 
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Left metaearpal bones, numbered I to V from lateral to medial 

Posterior view, thumb to right 


101 



The eharaeteristie features of the female pelvis are related to the 

_ role of the female pelvis in ehildbirth. While there are numerous di- 

agnostie features that help distinguish a female pelvis, some of 
the most obvious are those that inerease the diameter of the pelvie outlet. For example, note the vvider pubic 
angle (1) and greater seiatie noteh (2) of the female pelvis. 



Female pelvis 

Anterior view, superior to top 


Female pelvis 

Posterior view, superior to top 



Female pelvis 

Superior view, anterior to bottom 



Female pelvis 

Inferior view, anterior to bottom 
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Female pelvis 

Lateral view, anterior to left 



The male pelvis tends to have a more narrovv profile than the pelvis of the female. 
Compare the diameter of the outlet, the angle of the pubic areh, and the vvidth of the 
greater seiatie noteh vvith those of the female pelvis. Also, note the stout, thiek ishio- 
pubic ramus (3) of the male eompared to the slender ischiopubic ramus of the female 
pelvis. 



Male pelvís 

Anterior view, superior to top 



Male pelvis 

Posterior view, superior to top 



Male pelvis 

Superior view, anterior to bottom 



Male pelvis 

Inferior view, anterior to bottom 


Male pelvis 

Lateral view, anterior to left 
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Eaeh inferior appendage eonsists of 31 bones. The broad base of 

_ the inferior limb is the pelvie girdle. This girdle is the strong fusion of 

three bones, the ilium, ischium, and pubis, to form the os coxae or 
hip bone. The os coxae is firmly anehored to the saemrn via strong ligaments and a synovial joint. Distal to 
the girdle is the free part of the lower limb. The bony framework of the thigh is the femur with the sesamoid 
patella at its distal end. Distal to the femur, the tibia and fibula form the skeleton of the crus or leg. The distal- 
most region of the inferior limb is the foot eonsisting of seven tarsal bones, five metatarsal bones, and four- 
teen phalanges. 


1 Os coxae or hip bone 

2 Fenrnir 

3 Patella 

4 Tibia 

5 Fibula 

6 Tarsal bones 

7 Metatarsal bones 

8 Phalanges 




Left lower limb 

Anterior view, lateral to right 


Left lower limb 

Posterior view, lateral to left 
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Eaeh os coxae forms from three separate bony elements that fuse during development 

_ at their site of union within the acetabulum. The three bony elements are the ilium, is- 

chium, and pubis. This strong girdle of bone unites the inferior limb to the axial skeleton 
and transfers the forees of loeomotion from the inferior limb to the vertebral column. Eaeh os coxae articulates with 
three bones — the femur, saemrn, and opposite os coxae. The photo on this page depiets the three bones of the os 
coxae — the ilium (green), the ischium (blue), and the pubis (red). Landmarks that are shared by the bones are 
depieted on this image. The following two pages show all the landmarks of the individual bones of the os coxae. 


1 

2 

3 

4 

5 

6 


Acetabulum 
Acetabular noteh 
Lunate surface 
lschiopubic ramus 
Obturator foramen 
Greater seiatie noteh 




Left os coxae showing individual bones 

Lateral view, anterior to left 
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lschium 

Pubis 

30 

Peeten pubis or peetineal line 

20 

Body of ischium 

25 Body of pubis 

31 

Obturator groove 

21 

Isehial ramus 

26 Pubic tubercle 

32 

Inferior pubic ramus 

22 

isehial tuberosity 

27 Symphysial surface 

33 

Obturator foramen 

23 

isehial spine 

28 Pubic erest 



24 

Lesser seiatie noteh 

29 Superior pubic ramus 





Left os coxae 

Lateral view, anterior to left 
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Left os coxae 

Medial view, anterior to right 
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Left ferrmr 

Anterior view, lateral to rigjt 


Left femur 

Posterior view, lateral to left 



1 Head 

2 Fovea for ligament of head 

3 Neek 

4 Greater troehanter 

5 Troehanterie fossa 

6 Lesser troehanter 

7 intertroehanterie line 

8 intertroehanterie erest 


9 Quadrate tubercle 

10 Shaftorbody 

11 Linea apsera 

12 Peetineal or spiral line 

13 Gluteal tuberosity 

14 Medial supracondylar line 

15 Lateral supracondylar line 

16 Medial eondyle 


17 Medial epieondyle 

18 Adductor tubercle 

19 Lateral eondyle 

20 Lateral epieondyle 

21 Groove for popliteus 

22 Patellar surface 

23 intereondylar fossa 



Left femiir 

Lateral view, anterior to left 




Left femur 

Superior view, lateral to left 



Left femur 

Inferior view, lateral to right 


Left femur 

Medial view, anterior to right 










The tibia is the large, medial bone of the leg skeleton. It is the seeond longest bone of the body, 

_ only exceeded in length by the femur. Its strong shaft, eonsisting of thiek walls of eompaet bone, is 

triangular in eross-seetion. The shaft expands proximally into a fluted extremity of spongy bone 
with a flat plateau-like superior surface largely eovered with articular eartilage. The smaller distal end is more knob- 
like with a pronounced medial projeetion, the malleolus. The shaft has a strong anterior erest with sloping surfaces 
to either side. The bone is easily palpable throughout its length. The tibia articulates with three bones — the femur, 
fibula, and talus. 



Left tibia 

Anterior view, lateral to right 



Left tibia 

Posterior view, lateral to left 
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1 Superior articular surface 

2 Medial eondyle 

3 Lateral eondyle 

4 Fibular articular faeet 

5 Anterior intereondylar area 

6 Posterior intereondylar area 

7 intereondylar eminenee 


8 Medial intereondylar tubercle 

9 Lateral intereondylar tubercle 

10 Shaftorbody 

11 Tibial tuberosity 

12 Soleal line 

13 lnterosseous border 

14 Anterior border 


15 Posterior border 

16 Medial malleolus 

17 Malleolar groove 

18 Malleolar articular faeet 

19 Fibular noteh 

20 Inferior articular surface 



Left tibia 

Lateral view, anterior to left 



Left tibia 

Medial view, anterior to right 



Left tibia 

Superior view, lateral to left 



Left tibia 

Close-up of lateral view 



Left tibia 

Inferior view, lateral to right 





The fibula is the lateral bone of the leg skeleton. It is a slender, splint-like bone that is slightly 

_ expanded at both ends. It plays no role in the vveight-bearing function of the lovver limb, but 

serves as a signifieant site of muscle attaehment. It is not easily palpable except at its proxi- 
mal and distal ends, the shaft being totally surrounded vvith muscle. The fibula articulates vvith tvvo bones — the 
tibia and talus. 


1 Head 

2 Articular faeet for tibia 

3 Apex of head 

4 Neek 

5 Shaft or body 

6 lnterosseous border 

7 Anterior border 

8 Posterior border 

9 Lateral malleolus 

10 Articular faeet for talus 

11 Malleolar fossa 

12 Malleolar groove 




Left fibula 

Anterior view, lateral to right 


Left fibula 

Posterior view, lateral to left 
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Left fibula 

Lateral view, anterior to left 



Left fibula 

Medial view, anterior to right 



Left fibula 

Superior view, lateral to left 



Left fibula 

Inferior view, lateral to right 
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Like the hand, the foot is a eomposite structure eomprised of 26 bones, not 

_ eoiinting the small sesamoid bones that are found in eertain tendons. The 

proximal end of the foot is the tarsus or ankle. There are seven tarsal bones 
that show a greater range in size and shape than their earpal counterparts in the hand. Distal to the tarsals are the 
five digital rays. The four lateral digits eonsist of a metatarsal bone and three phalanges. The large medial digit, the 
hallux or great toe, has a metatarsal bone and only two phalanges. Two prominent sesamoid bones (bones that form 
in tendons) are present on the plantar surface at the head end of the first metatarsal. 


1 Talus 7 Cuboid 

2 Calcaneus 8 Metatarsal I 

3 Navicular 9 Metatarsal II 

4 Medial cuneiform 10 Metatarsal III 

5 Intermediate cuneiform 11 Metatarsal IV 

6 Lateral cuneiform 



Left foot 

Dorsal view, lateral to right 


12 MetatarsalV 

13 Proximal phalanx 

14 Middle phalanx 

15 Distal phalanx 

16 Sesamoid bones 



Left foot 

Plantar view, lateral to left 
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Left foot 

Posterior view, lateral to left 
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The next four pages depiet the tarsal bones. 

_ Like the earpals, this is a complex series of 

bones that form numerous articulations with 
one another. All the tarsal bones were photographed at the same seale so you ean see their relative sizes. 
The talus is the seeond largest and most proximal of the tarsal bones. It forms the ankle joint with the 
distal end of the leg skeleton. It eonsists of a cuboid body, a distally direeted neek eapped by a convex, 
oval head, a proximolateral faeet for the fibular malleolus, and a proximal troehlea for the tibia. It articu- 
lates with four bones — the tibia, fibula, calcaneus, and navicular. 


1 Head 

2 Navicular articular surface 

3 Anterior faeet for calcaneus 

4 Neek 

5 Middle faeet for calcaneus 

6 Sulcus tali 

7 Body 

8 Troehlea of talus 

9 Lateral malleolar faeet 

10 Lateral proeess 

11 Medial malleolar faeet 

12 Posterior proeess 

13 Groove for flexor hallucis longus 

14 Lateral tubercle 

15 Medial tubercle 

16 Posterior ealeaneal articular faeet 



Left talus 

Superior view, lateral to left 



Left talus 

Inferior view, lateral to right 





Left talus 

Anterior view, lateral to left 


Left talus 

Posterior view, lateral to right 
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Left talus 

Lateral view, anterior to left 
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Left talus 

Medial view, anterior to right 












The calcaneus is the largest 
bone of the foot and its long axis 
parallels the long axis of the foot. 

Its distal end forms a series of articular surfaces with neighboring bones. Its posterior or proximal end is 
box-like and forms a roughened ealeaneal tubercle at the posterior surface. The calcaneus articulates 


t i 


with two bones 


the talus and the cuboid. 


1 Calcaneal tuberosity 

2 Calcaneal tubercle 

3 Sustentaculum tali 

4 Groove for flexor hallucis longus 

5 Calcaneal sulcus 

6 Tarsal sinus 

7 Anterior talar articular surface 

8 Middle talar articular surface 

9 Posterior talar articular surface 

10 Groove for fibularis longus 

11 Fibular troehlea 

12 Articular surface for cuboid 


Left calcaneus 

Posterior view, lateral to left 
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Left calcaneus 

Superior view, lateral to left 


Left calcaneus 

Anterior view, lateral to right 


Left calcaneus 

Inferior view, lateral to right 
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Left calcaneus 

Medial view, anterior to right 


Left calcaneus 

Lateral view, anterior to left 
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The cuboid bone, like its name suggests 5 has a cube shape when viewed from above, but has ridges and 
grooves on its plantar surface. It is the lateral bone in the distal series of tarsal bones and articulates with 
the fourth and fifth metatarsals. With a good imagination one ean visualize the hull of a ship when observ- 
ing the navicular bone. This ship-shaped bone is an intermediate bone between the talus and the three 
cuneiforms on the medial aspeet of the foot. 


Cuboid 

1 Groove for fibularis longus 

2 Cuboid tuberosity 

3 Calcaneal proeess 

4 Articular surface for calcaneus 

5 Articular surface for navicular 

6 Articular surface for lateral cuneiform 

7 Articular surface for fourth metatarsal 

8 Articular surface for fifth metatarsal 


Navicular 
9 Tuberosity 

10 Articular surface for talus 

11 Articular surface for cuboid 

12 Articular surface for medial cuneiform 

13 Articular surface for intermediate cuneiform 

14 Articular surface for lateral cuneiform 




Left cuboid 

Superior view, lateral to left 


Left cuboid 

Inferior view, lateral to right 



Left navicular 

Superior view, lateral to left 



Left navicular 

Inferior view, lateral to right 




Left cuboid 

Anterior view, lateral to right 


Left cuboid 

Posterior view, lateral to left 



Left navicular 

Anterior view, lateral to right 


Left navicular 

Posterior view, lateral to left 



Left cuboid 

Medial view, anterior to right 


Left cuboid 

Lateral view, anterior to left 



Left navicular 

Medial view, anterior to right 



Left navicular 

Lateral view, anterior to left 
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The vvedge-shaped cunei- 

_ forms are the distal tarsal 

bones on the medial aspeet 

of the ankle. They articulate vvith the three medial metatarsal bones. Their vvedge shapes contribute to the 
formation of the transverse areh of the foot. 




Left lateral cuneiform 

Superior view, lateral to left 


Left middle cuneiform 

Superior view, lateral to left 




Lateral cuneiform 

1 Articular surface 

2 Articular surface 

3 Articular surface 

4 Articular surface 

5 Articular surface 

6 Articular surface 
Middle cuneiform 

7 Articular surface 

8 Articular surface 

9 Articular surface 

10 Articular surface 
Medial cuneiform 

11 Articular surface 

12 Articular surface 

13 Articular surface 

14 Articular surface 


for cuboid 
for navicular 
for middle cuneiform 
for seeond metatarsal 
for third metatarsal 
for fourth metatarsal 

for navicular 
for medial cuneiform 
for lateral cuneiform 
for seeond metatarsal 

for navicular 
for middle cuneiform 
for seeond metatarsal 
for first metatarsal 



Left lateral eiineiform 

Inferior view, lateral to right 


Left middle cuneiform 

Inferior view, lateral to right 



Left lateral cuneiform 

Anterior view, lateral to right 



Left lateral cuneiform 

Posterior view, lateral to left 



Left lateral cuneiform 

Medial view, anterior to right 



Left lateral cuneiform 

Lateral view, anterior to left 



Left middle cuneiform 

Anterior view, lateral to right 



Left middle cuneiform 

Posterior view, lateral to left 



Left middle cuneiform 

Medial view, anterior to right 



Left middle cuneiform 

Lateral view, anterior to left 



Left medial cuneiform 

Superior view, lateral to left 




Left medial cuneiform 

Anterior view, lateral to right 



Left medial cuneiform 

Medial view, anterior to right 



Left medial cuneiform 

Posterior view, lateral to left 



Left medial cuneiform 

Lateral view, anterior to left 
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The five metatarsal bones form the eentral portion of 

_ the foot skeleton. The three eentral metatarsals most 

elosely resemble one another, while the first and fifth 
metatarsal bones are the most distinet. The first metatarsal is short and thiek eompared to its counter- 
parts, while the distinguishing feature of the fifth metatarsal bone is the projeeting tuberosity at its proxi- 
mal end. 


1 Base 

2 Shaft or body 

3 Head 

4 Tiiberosity of first metatarsal 

5 Tuberosity of fifth metatarsal 




Left metatarsal bones, numbered I to V from medíal to lateral 

Dorsal view, lateral to left 
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Left metatarsal bones, numbered I to V from medíal to lateral 

Plantar view, lateral to right 


Similar in number to the phalanges of the hand, the phalanges of the foot 

_ are much smaller than those of the hand, with the exception of the large 

first toe. The proximal phalanges have broad bases that form the widest 
part of the bone. From the base a narrow shaft projeets to a rounded head with a troehlear articular sur- 
faee. The middle and distal phalanges are short bones that ean be easily distinguished by their distal 
ends. The middle phalanges have a troehlear articular surface on their distal head, while the distal pha- 
langes have a broad tuberosity at their distal ends. 

1 Base 

2 Shaft or body 

3 Head 

4 Troehlea 

5 Tuberosity of distal phalanx 




Left phalanges 

Dorsal view, lateral to left 





Left phalanges 

Plantar view, lateral to right 
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The patella is the largest sesamoid bone of the body. A sesamoid bone is a bone that forms 

_ vvithin a tendon. The patella occupies the posterior half of the quadriceps tendon just anterior 

to the knee joint. It is a dise-like bone vvith a curved superior margin and a triangular inferior 
border. The posterior surface of the bone is smooth and articulates vvith the femur 5 vvhile the anterior surface of the 
bone is rough by its attaehment to the quadriceps tendon. 


1 Base 

2 Apex 

3 Articular surface 

4 Anterior surface 
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Joints, simply deíined, are the meeting 
plaees between bones. Ibis simple definition deseribes a joint as any plaee ^ 
in the skeleton where one skeletal element eontaets another skeletal ele- 
ment. It is important to understand that, as a part of this definition, 
the bones never eontaet eaeh other direetly. Instead, there is al- 
ways some other eonneetive tissue between the bony eontaet 
surfaces. Joints eome in a wide variety of structural junc- A 
tions, with an aeeompanying variety of fimetions. 

Because joints have various functions and those 
fimetions do not always deal with movement, it is il- ^^H 
logieal to define joints by their movements. The best 
method for elassifying joints is based on their struc- ^^^H 
ture. Because the structure of joints includes the eon- 
neetive tissues between the neighboring bones, a 
elassifieation based on the structure of those tissues 
is logieal. At the simplest level, there are two basie \ 
ways bones eonneet with one another to form joints. ' 

Either they are eonneeted by solid masses of eonnee- 
tive tissue, or they are bound together by a eonneetive 
tissue capsule, which surrounds a lubricated eavity be- 
tween the adjoining bones. 

Joints formed by a solid eore of eonneetive 
tissue between the neighboring bones are ealled 
synarthroses. There are two subcategories of 
synarthroses — fibrous joints, which have eonnee- 1 
tive tissue eores of eonneetive tissue proper, typi- 
eally dense irregular eonneetive tissue, and eartilage 
joints, which use some form of eartilage as the 
eonneeting tissue between the bones. The capsu- H 
lar joints, with their lubricated eavity, are ealled 
diarthroses or synovial joints. There are nu- 
merous subcategories of diarthroses, eaeh 
based on the structure and ftmetion of their 
articular surfaces. 

In addition to joints, this ehapter will 
also illustrate other elosely related synovial 
structures — bursae and synovial (tendon) 
sheaths. 
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Fibroiis joints are synarthrotie joints that 
bind bone to bone with eollagenoiis eon- 
neetive tissue. The amount of eonneetive 


tissue binding the neighboring bones ean vary eonsiderably. Examples of fibrous joints are depieted on this and the faeing 
page. Gomphoses and sutures (the four different suture types are shown on the opposite page) have a very thin membrane 
of collagenous eonneetive tissue anehoring neighboring bony structures to one another. On the other hand, the syndesmo- 
ses between the tibia and fibula — both the interosseous membrane and the tibiofibular ligaments at the distal end — have 
eonsiderably more binding eonneetive tissue. There is also an example of another syndesmosis, the interspinous ligament, 
in the next seetion. 


1 Periodontal membrane 

2 Crown of tooth 

3 Root of tooth 

4 Gingiva 

5 Mandible 

6 Tibia 

7 Fibula 

8 lnterosseous membrane 

9 Anterior tibiofibular ligament of tibiofibular syndesmosis 
10 Patellar ligament (cut) 



Dento-alveolar syndesmosis or gomphosis 

Sagittal seetion of tooth in mandible 
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Crural skeleton - tibia and fibula 

Anterior view 








Like the fibrous joints, the 

_ cartilaginous joints join 

neighboring skeletal ele- 

ments with a solid mass of eonneetive tissue, but the uniting tissue is some type of eartilage instead of collagenous eonnee- 
tive tissue proper. The three types of cartilaginous joints are: 1) synehondroses, 2) symphyses, and 3) epiphysial eartilages 
or primary cartilaginous joints. The photos on these faeing pages depiet the different eategories of cartilaginous joints. A few 
syndesmoses from the fibrous joint eategory are also evident. 


1 Intervertebral dise (symphysis) 

2 Nucleus pulposus of intervertebral dise 

3 Anulus fibrosus of intervertebral dise 

4 Pubic symphysis 

5 Manubriosternal synehondrosis 

6 Spheno-oeeipital synehondrosis 

7 Epiphysial eartilage or primary cartilaginous joint 

8 Sternoeostal (synehondrosis) 

9 Sternoeostal (typieally synovial but ean be symphysial) 

10 interehondral (synovial) 

11 interehondral (synehondrosis) 

12 Costochondral (synehondrosis) 

13 lnterspinous ligament (vertebral syndesmosis) 

14 Nuchal ligament (vertebral syndesmosis) 

15 Anterior longitudinal ligament (vertebral syndesmosis) 

16 Posterior longitudinal ligament (vertebral syndesmosis) 

17 Body of vertebra 

18 Spinous proeess of vertebra 

19 Lamina of vertebra 

20 Psoas major muscle 

21 Aorta 

22 Inferior vena eava 



Transverse seetion of lumbar intervertebral dise 

Inferior view 



Sagittal seetion of head and trunk 

Medial view 
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Diarthroses differ from synarthroses 

_ in one major way: instead of eonneet- 

ing neighboring bones by a solid mass 

of eonneetve tissue, the bony eonneetion eonsists of a double-layered eonneetive tissue capsule that surrounds a lubricated 
eavity between the bones. VVithin the capsule the ends of neighboring bony surfaces are eovered by a smooth layer of hya- 
line eartilage. As a result of this design there is typieally a much greater range of motion present in synovial joints, and they 
form the joints of the skeleton that are responsible for the major movements of the body. The outer layer of the capsule, the 
fibrous membrane, is continuous with the periosteum on the adjoining bones, while the inner layer of the capsule, the syno- 
vial membrane, attaehes from the border of the articular eartilage on one bone to the border of the articular eartilage on the 
other bone. Additionally, the synovial membrane seeretes synovial fluid, a lubricant that reduces frietion between the mobile 
eartilage-eovered articular surfaces of the bones. The seetion through a finger joint below and the disseetions of the knee 
joint on the opposite page illustrate the basie features of a synovial joint. The pages that follow depiet the major synovial 
joints of the skeleton. One other key feature among synovial joints that is responsible for their varied range of motion is the 
shape of the adjoining bone surfaces. It is this feature that anatomists use to deseribe the different types of synovial joints. 


1 Middle phalanx of index finger 

2 Proximal phalanx of index finger 

3 Fibrous membrane of joint capsule 

4 Synovial membrane of joint capsule 

5 Articular eartilage 

6 Joint eavity 

7 Oollateral ligament 

8 Quadriceps tendon 

9 Patellar ligament 

10 Suprapatellar bursa 

11 Synovial fold 

12 Meniscus 

13 Periosteum 

14 Junction of periosteum (removed) with fibrous membrane 

15 Junction of synovial membrane (removed) with articular eartilage 

16 Femur with periosteum removed 

17 Tibia with periosteum removed 

18 Fibula with periosteum removed 

19 Patella within quadriceps tendon 



Proximal interphalangeal joint showing design of synovial joint 

Frontal seetion, anterior view 
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There are seven types of synovial joints in the body. 

_ Eaeh of the different synovial joints has the basie 

structural features eommon to all synovial joints but is 
further elassified based on the shape of and motion that occurs at the articular surfaces of the joint. The different types of 
synovial joint are depieted below and on the opposite page. Note the shapes of the reeiproeal surfaces as you study these 
photos. 



Bieondylar joint example 

Saddle joint example 

Metaearpal-earpal joint of thumb 

Knee joint 



3 








The complex temporomandibiilar joint differs from 

_ other synovial joints by having an articular dise 

that usually separates the joint into two separate 
synovial capsules, one above and one below the dise. The articular surfaces have a eovering of dense fibroeartilage rather 
than the typieal hyaline eartilage of most synovial joints. With its assoeiated ligaments this joint structure accounts for the 
complex series of movements that are essential during the aetivities of eating and speeeh. Eaeh temporomandibular joint is 
a eondylar joint and both joints together form a bieondylar joint. The fibrous membrane of the articular capsule spans from 
temporal bone to mandible only on the lateral side. Anteriorly, medially, and posteriorly the fibers attaeh from mandible and 
temporal bone to the articular dise. Extrinsic ligaments that help stabilize the joint are the lateral temporomandibular liga- 
ment, sphenomandibular ligament, and stylomandibular ligament. 


1 Mandibular eondyle 8 Articular dise 

2 Mandibular ramus 9 Joint (articular) capsule 

3 Articular tubercle of temporal bone 10 Masseter muscle 

4 Mastoid proeess of temporal bone 11 Parotid gland 

5 Mastoid air eells 

6 Superior eompartment of articular eavity 13 External acoustic meatus 

7 Inferior eompartment of articular eavity 14 Sigmoid venous sinus 
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Seetion of right temporomandibular joint 

Lateral view of sagittal seetion 


The glenohiimeral or shoulder joint is a ball and soeket joint and is 

_ the most mobile joint in the body. The tremendous range of motion 

at this joint is the result of few external ligaments that present little 
limitation to movement, and shallow, ovoid articular surfaces that make movements in all planes of spaee possible. In faet, 
surrounding muscles and tendons play a more signifieant role in joint support than do the joint structures. The capsular liga- 
ment is extremely lax, providing limited support to the joint. Blending with the capsule are the tendons of four muscles. 
Together the capsule and tendons form the rotator cuff, which is the major support structure of the joint. 


1 Artieiilar eartilage 

2 Synovial membrane 

3 Fibrous membrane 

4 Glenoid labrimn 

5 Acromioclavicular ligament 

6 eiaviele 

7 Humerus 

8 Glenoid of scapula 

9 Aeromion of scapula 

10 Supraspinatus muscle 

11 Subscapularis muscle 

12 Deltoid muscle 

13 Tendon of long head of bieeps braehii 

14 Skin 

15 Subcutaneous layer 



Bones of glenohumeral joint 


Anterior view 



Seetion of left glenohumeral joint 

Anterior view of frontal seetion 
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The elbovv joint is a complex joint eomprised of multiple articular surfaces vvithin one articular 

_ capsule. The elbovv joint ean be subdivided into three distinet articular interfaees — 

the humero-ulnar joint (hinge), the humeroradial joint (eombined hinge and pivot), and 
the proximal radioulnar joint (pivot). Tvvo distinet pairs of movements occur as a result of the articulations vvithin the elbovv 
joint — the hinged movements of flexion and extension, and the rotational movements of pronation and supination. Llnlike 
the shoulder joint, the joints fo the elbovv have strong extrinsic ligaments that limit movemnts and stabilize the articulating 
bones. The fibrous capsule is thin anteriorly and posteriorly, allovving for free range of motion during flexion and extension. 
On either side the capsule is reinforeed by strong extrinsic ligaments, the ulnar eollateral and radial eollateral ligaments. 
Wrapping from the baek of the ulna at the base of the oleeranon to the front of the ulna at the lateral surface of the eoronoid 
proeess is the semicircular anular ligament. With the radial noteh of the ulna this ligament forms a fibro-osseous ring for the 
pivoting aetion of the radial head. 


1 Articular eartilage 

2 Joint (articular) capsule 

3 Articular (synovial) eavity 

4 Capitulum of humerus 

5 Oleeranon of ulna 

6 Head of radius 

7 Anular ligament 

8 Bieeps braehii muscle 

9 Braehialis muscle 

10 Trieeps braehii muscle 

11 Braehioradialis muscle 



Bones of elbovv joínt 

Anterior view 
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Seetion of pronated left elbovv joint 

Medial view of sagittal seetion 


Like the shoulder joint the hip joint, also a ball and soeket joint, allows for great freedom of mo- 

_ tion, although the range of motion is not quite as great as that of the shoulder. This eomparative 

deerease in mobility results from the deep hip soeket with its extended labmrn, which almost 
eompletely engulfs the head of the femur. In addition, thiek extrinsic ligaments tightly surround the joint to form a strong, 
reinforeed capsule. The three major ligaments of the hip joint, the iliofemoral, pubofemoral, and isehiofemoral, form a sheath 
around the fibrous capsule. The iliofemoral ligament is argued to be the strongest ligament in the human body. Often ealled 
the Y-shaped ligament it passes superior and anterior to the joint, mnning from the anterior inferior iliae spine to the intertro- 
ehanterie line. With the thinner pubofemoral and isehiofemoral ligaments it spirals around the joint to stabilize this powerful 
joint. In additon to these large ligaments, a triangular flat band, the ligament of the head of the femur, extends from the fovea 
of the femoral head to the margins of the acetabularfossa. This ligament is also important because it functions as a pathway 
for blood vessels that supply the bone tissue in the head of the femur. 


1 Ligament of head of femiir 

2 Joint (articular) capsule 

3 Articular eartilage of acetabulum 

4 Articular eartilage of femur 

5 Articular (synovial) eavity 

6 Acetabular labrum 

7 Fovea eapitis of femur 

8 Head of femur 

9 Greater troehanter of femur 

10 Os coxae 

11 Psoas major muscle 

12 lliacus muscle 

13 Adductor muscles 

14 Vastus lateralis muscle 

15 Gluteus medius muscle 

16 Gluteus minimis muscle 

17 Obturator internus muscle 

18 Obturator externus muscle 

19 Skin 

20 Subcutaneous layer 

21 External iliae artery 

22 Intestine 



Bones of hip joint 

Anterior view 



Seetion of right hip joint 

Anterior view of frontal seetion 
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The knee joint is a eombined bieondylar and saddle joint. The relationships between the 

_ femur and the tibia provide no interloeking joint meehanisms or stability between the neigh- 

boring bones, and from this perspeetive the knee joint is eompletely imstable. The strength 
of the knee joint is dependent on strong ligaments and surrounding muscles. Although its primary motions are of a hinge 
nature, it is a complex joint with subtle rotational and sliding movements also. The major stabilizers of the joint are four 
strong ligaments. Two eollateral ligaments support the joint on either side, while two emeiate ligaments eriss-eross through 
the middle of the joint. The tibial or medial eollateral ligament is a strong, flat band that stretehes from the femoral epieondyle 
to the tibial eondyle. Posteriorly it firmly attaehes to the joint capsule and the medial meniscus, while anteriorly bursae 
separate it from these structures. The fibular or lateral eollateral ligament is a strong eord that runs from the lateral femoral 


1 Articular (synovial) eavity 

2 Articular eartilage 

3 Medial meniscus 

4 Suprapatellar bursa 

5 Prepatellar bursa 

6 Infrapatellar bursa 

7 Infrapatellar fat pad 

8 Fibrous membrane of joint capsule 

9 Synovial membrane of joint capsule 

10 Lateral meniscus 

11 Fibular eollateral ligament 

12 Tibial eollateral ligament 

13 Anterior cruciate ligament 

14 Posterior emeiate ligament 

15 Oblique popliteal ligament 

16 Patellar ligament 

17 Quadriceps tendon 

18 Femur 

19 Tibia 

20 Fibula 

21 Patella 

22 Periosteum 

23 Semimembranosus muscle 

24 Gastrocnemius muscle 

25 Soleus muscle 

26 Popliteal fat 


Bones of knee joint 

Anterior view 
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Seetion of right knee joint 

Lateral view of sagittal seetion 


epieondyle to the head of the fibula. Llnlike the tibial eollateral ligament it does not attaeh to the lateral meniscus or joint 
capsule. The emeiate ligaments stabilize the knee from excessive anterior-posterior and rotational movements. The ante- 
rior emeiate ligament aseends posterolaterally from the medial aspeet of the intereondylar area to the medial aspeet of the 
lateral eondyle of the femur. The shorter posterior emeiate ligament aseends from the posterior intereondylar area to the 
medial femoral eondyle. Both emeiates have fibers that blend with the lateral meniscus. In additon to these ligamentous 
structures 5 two semilunar menisei projeet into the capsule between the femoral eondyles and the articular plateaus of the 
tibia. The large, extensive articular capsule eonneets the femur, patella, and tibia. 



Disseetion of left knee joint 


Anterior view 


11 
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Disseetion of left knee joint 

Anterior view 


Disseetion of left knee joint 

Posterior view 
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Asynovial bursa is a small sae-like struc- 

_ ture interposed betvveen structures that 

generate signifieant amounts of frietion. 
Bursae have a similar design to the articular capsule of a synovial joint. These small bags have an outer fibrous membrane 
of dense irregular collagenous eonneetive tissue and an inner lining of synovial membrane. The synovial membrane produces 
a small amount of synovia as a lubricant inside the sae. The fibrous membrane binds to surrounding tissues, allovving the 
juxtaposed vvalls of synovial membrane to rub together in a frietionless manner. Many bursae arise as outgrowths of syno- 
vial joint eavities. In some eases these pineh off from the joint forming saes that are independent from the joint, while other 
bursal saes retain their eonneetions with the joint eavity. A synovial sheath is a modified bursa that wraps around a tendon 
to proteet it from frietion on all sides. In the tight eonfines of the wrist, ankle, and digits, tendons often pass beneath fibrous 
bands ealled retinacula. The retinaculum is a eonneetive tissue band that erosses over the tendons and keeps them from 
being displaeed upward when the muscle shortens and bends the joints. Because the retinaculum and bone ereate a fibro- 
osseous tunnel around the tendon, eonsiderable frietion ean occur on all surfaces of the tendon at these loeations. As the 
tendon moves through the tunnel, the juxtaposed synovial membranes smoothly glide over eaeh other with minimal frietion. 


1 Suprapatellar bursa 

2 Prepatellar bursa 

3 Infrapatellar bursa 

4 Synovial (tendon) sheath 

5 Retinaculum 

6 Flexor digitorum superficialis tendon 

7 Flexor digitorum profundus tendon 

8 Lumbrical muscles 

9 Flexor digiti minimi brevis muscle 
10 Abductor digiti minimi muscle 




Synovial bursae around the knee joint 

Medial view of sagittal seetion 
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Tendon sheath of fingers 

Anterior view, pin inserted into tendon sheath 





Bodies are designed to move! We move when we walk, jog, 
or run, aetivities that transport our bodies from one loeation to another. In addition to moving 
from loeation to loeation we also move in other ways. For example, think about grasping some- 
thing with your hands and plaeing it in your mouth, or proteeting yourself by kieking at 
something with your lower limb. How about throwing something? All of 
these aetivities are forms of movement that occur without moving 
from one loeation to another, yet they are movements nonethe- 
less. Like moving about, these other types of movements are 
not only essential for survival, but define the broad spee- 
trum for the majority of human movement. Refleet for 
a moment on the wide variety of movements that you 
make without moving from plaee to plaee. For exam- 
ple, think about the variety of intrieate movements 
required to eat a meal, movements such as grasping, 
manipulating, cutting, chewing, and swallowing. 

Another example is getting dressed for the day. From 
the simple movements of pulling on elothing to the 
intrieate movements of buttoning shirts and tying 
shoelaees, getting dressed involves a wide variety of 
movements. And here is something else to ponder 
how about all the movements involved in commu- 
nieation? Think of the wide array of movements 
that you produce as you communicate with 


others 


whether the communication involves 


writing a note on a pieee of paper, typing a letter 
on the keyboard of a computer, signaling pleasure 
and happiness with a smile, or using your voiee to 
talk to a friend on the telephone. 

We could go on and on discussing the wide 
variety of movement and its importanee, but the bottom 
line is all movement results from the eombined aetivity 
of individual muscles. The most detailed movements you 

make ean be broken down into the simple aetions of individual muscles moving the 
bones of the skeleton at the joints. This ehapter introduces the muscular system. On the 
pages that follow you will see the structural design of a typieal muscle and whole body views of 
the muscles of the body. Our approaeh to the skeletal muscles of the body is based on their em- 
bryonie origins. The four ehapters that follow this ehapter eover eaeh of the developmental 
groups of muscles — muscles of the head, muscles of the trunk, muscles of the upper limb, and 
muscles of the lower limb. The logie of this approaeh will be further discussed as we introduce 
eaeh ehapter. 




Find more information 
about the muscular system in 
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VVhile there is a wide variety to the shape, size, and arehitee- 

_ ture of the skeletal muscles of the body, most muscles share 

a eommon basie design — a tendon of origin, a muscle body 
or belly, and a tendon of insertion. The tendons, projeeting from the muscle belly, are a continuation of the eonneetive tissue 
surrounding the muscle eells within the belly of the muscle. As the eonneetive tissue projeets beyond the muscle eells, it 
eondenses to beeome the tendons, which merge and blend with the periosteum to attaeh the muscle to bone. 


1 Muscle belly or body 

2 Tendon of origin 

3 Tendon of insertion 

4 Collagen fiber 

5 Muscle eell or fiber 

6 Nucleus 


7 Bieeps braehii miisele 

8 Braehialis muscle 

9 Trieeps braehii muscle 

10 Epimysium 

11 Perimysium 

12 Endomysium 


13 Blood vessels in perimysium 

14 Nerve in perimysium 

15 Faseia 

16 Sucutaneous layer 

17 Skin 

18 Periosteum 




Dense regular eonneetive tissue of tendon 

200x 
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Disseetion of brachium highlighting bieeps braehii 

as example of muscle anatomy 

Anterior view 


Skeletal muscle tissue of muscle belly 

400x 


140 










Dashed line shows level of transverse seetion 

Anterior view 


Transverse seetion of left brachium at level of dashed line 

Inferior (distal) view, anterior at top 



Photomierograph of muscle fasciculus 

Transverse seetion, 100x 
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In the disseetions belovv, the integument and faseia vvere removed to reveal 
the superficial skeletal muscles. Some of the larger muscles are identified 
here. More detailed muscle labeling vvill occur in the next four ehapters. 


1 Platysma 

2 Peetoralis major 

3 Deltoid 

4 Rectus abdominis 

5 External oblique 

6 Bieeps braehii 


fth 



Skeletal muscles of the body 

Anterior view 


7 

Trieeps braehii 

13 

8 

Trapezius 

14 

9 

Braehioradialis 

15 

10 

Latissimus dorsi 

16 

11 

Gluteus maximus 

17 

12 

Bieeps femoris 

18 



Skeletal muscles of the body 

Lateral view 


Sartorius 
Vastus medialis 
Rectus femoris 
Adductor magnus 
Tibialis anterior 
Gastrocnemius 



Skeletal muscles of the body 

Posterior view 


Head Miiseles 



Head muscles, like the platysma and risorius seen in 
the photo on this page, arise from two sources during embryonie development. One source 
is the pharyngeal arehes, which give rise to the majority of the head muscles. Muscles of 
the pharyngeal 
arehes include 


the 


muscles 


of mastieation, 
muscles of the 
middle ear, mus- 
eles of faeial ex- 


muscles 



pression 


of the palate, mus- 
eles of the pharynx, 
muscles of the lar- 
ynx, and the sterno- 




# 



eleidomastoid 


and 




trapezius. Ihe seeond _ 

eategory of head muscles ' ■ * 

includes those muscles that 

arise from the pre-otie and oeeipital l 

somites. The pre-otie somites give rise to the ex- ^ 
traocular muscles, and the oeeipital somites give rise 
to the tongue muscles. Grouping muscles by their de- 
velopmental origin is an effeetive way to understand the 
muscles because muscles that share a developmental ori- 
gin share a eommon nerve supply. For example, during 
development all the muscles of the first pharyngeal areh 
are innervated by the mandibular braneh of the trigemi- 
nal nerve; therefore the mandibular nerve and its 
branehes innervate all eight muscles that arise from the 
first pharyngeal areh. The same is true for eaeh of the 
other arehes, as well as the head somites. This ehapter 
will showcase the muscles of the head and emphasize 
their developmental origin and neuromuscular pair- 1 
ing. With a few exceptions, all of the head muscles are 
depieted in the photos throughout this ehapter. The 
following page outlines the developmental groups of 
head musculature and their nerve assoeiations. 
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Find more information 
about the mnseles ofthe 


head in 














This ehapter presents numerous disseetions of the head and neek that depiet the 

_ muscles of the head. We define the head muscles as all muscles that arise from 

the pharyngeal (branehial) arehes or the head somites (pre-otie and oeeipital). All 
of these muscles arise from the paraxial mesoderm of the embryonie head. Llnlike many anatomy sources that mix these 
muscles into multiple groups 5 with no logie to their innervation, we ehoose to present them based on their embryonie origins. 
Taking this approaeh makes it very easy to learn the innervation patterns of the head muscles because eaeh developmental 
group is assoeiated with a distinet eranial nerve or set of eranial nerves (see groups below). Aeeompanying eaeh labeled 
disseetion photograph on the pages that follow are small referenee photos that elearly depiet eaeh of the developmental 
muscle groups of the head. Sinee some of the head muscles migrate into the neek, we also depiet the somitie muscles of 
the neek in the referenee photos, to help distinguish them from the true head muscles. The somitie muscles of the neek will 
be the subject of the next ehapter. For example, the first photo (see opposite page) labels numerous head muscles. The 
referenee photos elearly reveal that the labeled muscles are primarily from two sources — the first pharyngeal areh and the 
seeond pharyngeal areh (accounting for the majority of the muscles). The third referenee photo shows that some muscles 
are from neek somites. 


Muscles of the First Pharyngeal Areh 

(Nerve supply - mandibular braneh of the trigeminal nerve CN V) 
Temporalis 
Masseter 
Medial pterygoid 
Lateral pterygoid 
Anterior digastricus 
Mylohyoid 
*Tensor tympani 
Tensor veli palatini 

Muscles of the Seeond Pharyngeal Areh 

(Nerve supply - faeial nerve CN VII) 

Oeeipitofrontalis 
Temporoparietalis 
Transversus nuchae 
Procerus 
Nasalis 

*Depressor septi nasi 
Orbicularis oculi 
Corrugator supercilii 
Depressor supercilii 
Auricularis anterior 
Auricularis superior 
Auriculalris posterior 
intrinsie auricular muscles 
Helieis major muscle 
Helieis minor muscle 
Tragicus muscle 
*Pyramidal muscle of auricle 
Antitragicus muscle 
*Transverse muscle of auricle 
*Oblique muscle of auricle 
Orbicularis oris 
Depressor anguli oris 
Transversus menti 
Risorius 

Zygomaticus major 

Zygomaticus minor 

Levator labii superioris 

Levator labii superioris alaeque nasi 

Depressor labii inferioris 

Levator anguli oris 

Buccinator 

Mentalis 

*Stapedius 

Stylohyoid 

Posterior digastricus 


Muscle of the Third Pharyngeal Areh 

(Nerve supply - glossopharyngeal nerve CN IX) 

Stylopharyngeus 

Muscles of the Fourth Pharyngeal Areh 

(Nerve supply - vagus nerve CN X) 

Levator veli palatini 

Palatoglossus 

Palatopharyngeus 

Musculus uvulae 

Superior pharyngeal eonstrietor 

Middle pharyngeal eonstrietor 

Inferior pharyngeal eonstrietor 

Cricothyroid 

Salpingopharyngeus 

Muscles of the Sixth Pharyngeal Areh 

(Nerve supply - vagus nerve CN X) 

Posterior erieo-arytenoid 
Lateral erieo-arytenoid 
Voealis 

Thyro-arytenoid 
Oblique arytenoid 
Transverse arytenoid 

Muscles of the Posterior Pharyngeal Areh 

(Nerve supply - aeeessory nerve CN XI) 

Sternoeleidomastoid 

Trapezius 

Muscles of the Pre-otie Somites 

(Nerve supply - oculomotor CN III, troehlear CN IV, and abducens CVI) 
Superior rectus 
Inferior rectus 
*Medial rectus 
Lateral rectus 
Superior oblique 
Inferior oblique 
Levator palpebrae superioris 

Muscles of the Oeeipital Somites 

(Nerve supply - hypoglossal nerve CN XII) 

Genioglossus 

Hyoglossus 

Styloglossus 

Superior longitudinal muscle 
Inferior longitudinal muscle 
Transverse muscle 


Platysma Vertieal muscle 

All the muscles listed above are depieted in photos in this ehapter except those marked with an asterisk. 
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1 Masseter 

2 Anterior belly of digastricus (cut) 

3 Mylohyoid 

4 Frontal belly of oeeipitofrontalis 

5 Temporoparietalis 

6 Procerus 

7 Nasalis 

8 Orbicularis oculi 

9 Corrugator supercilii 


10 Depressor supercilii 

11 Auricularis anterior 

12 Auricularis superior 

13 Orbicularis oris 

14 Depressor anguli oris 

15 Transversus menti 

16 Zygomaticus major 

17 Zygomaticus minor 

18 Levator labii superioris 


19 Levator labii superioris alaeque nasi 

20 Depressor labii inferioris 

21 Levator anguli oris 

22 Buccinator 

23 Mentalis 

24 Posterior digastricus 

25 Epieranial aponeurosis 

26 Temporal faseia 

27 Parotid gland (cut) 



Superficial head muscles 

Anterolateral view 



First areh muscles 



Seeond areh muscles 



Somitie muscles 

of neek 
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The disseetions depieted on this page and the faeing page represent two stages 

_ in a disseetion of the head. Below is a siiperfieial disseetion with the integiiment 

and some faseia removed. On the opposing page some siiperfieial muscles were removed. Most of the 


head muscle groups are represented. Note also the somitie muscles of the neek that are visible. 

1 Temporalis 7 Orbicularis oculi 13 Levator angiili oris 

2 Masseter 8 Proeems 14 Orbicularis oris 

3 Mylohyoid 9 Levator labii superioris alaeque nasi 15 Buccinator 

4 Anterior belly of digastricus 10 Nasalis 16 Depressor anguli oris 

5 Frontal belly of oeeipitofrontalis 11 Levator labii superioris 17 Depressor labii inferioris 

6 Temporoparietalis 12 Zygomaticus major 18 Mentalis 






w 

w 

First areh muscles 





Seeond areh muscles 





Fourth areh muscles 





Posterior areh muscles 





Somitie muscles 



Head muscles, superficial disseetion 

Lateral view 


of neek 











19 

Auricularis anterior 

29 Posterior belly of digastricus 

39 

Thyroid eartilage 

20 

Auricularis superior 

30 Stylohyoid 

40 

Sternohyoid 

21 

Auricularis posterior 

31 Middle pharyngeal eonstrietor 

41 

Omohyoid 

22 

Oeeipital belly of oeeipitofrontalis 

32 Inferior pharyngeal eonstrietor 

42 

Thyrohyoid 

23 

Transversus nuchae 

33 Sternoeleidomastoid 

43 

Longus eolli 

24 

Epieranial aponeurosis 

34 Trapezius 

44 

Middle sealene 

25 

Helieis major 

35 Styloglossus 

45 

Posterior sealene 

26 

Helieis minor 

36 Temporal faseia 

46 

Levator scapulae 

27 

Tragicus 

37 Parotid gland 

47 

Splenius eapitis 

28 

Antitragicus 

38 Submandibular gland 

48 

Deltoid 



Head miiseles, mastieatory muscles exposed 

Lateral view 



First areh muscles 
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Seeond areh muscles 
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Fourth areh muscles 
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Posterior areh muscles 



Somitie muscles 

of head and neek 
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1 Temporalis 

2 Masseter 

3 Medial pterygoid 

4 Lateral pterygoid 

5 Anterior belly of digastricus 


The lateral head disseetions below and opposite are deeper 
disseetions that expose the deep mastieatory muscles (be- 
low) and the extraocular muscles (opposite). 


6 Mylohyoid 

7 Frontal belly of oeeipitofrontalis 

8 Oeeipital belly of oeeipitofrontalis 

9 Transversus nuchae 
10 Procerus 


11 Nasalis 

12 Orbicularis oculi 

13 Auricularis anterior (cut) 

14 Auricularis superior (cut) 

15 Auricularis posterior 




Head muscles, deep mastieatory muscles exposed 

Lateral view, portion of mandible removed 


First areh muscles 



Seeond areh muscles 



Fourth areh muscles 



Posterior areh muscles 



Somitie muscles 

of head and neek 
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16 Helieis major 

27 Depressor labii inferioris 

38 Inferior rectus 

49 Splenius eapitis 

17 Helieis minor 

28 Levator anguli oris 

39 Lateral rectus 

50 Levator scapulae 

18 Tragicus 

29 Buccinator 

40 Supra-orbital nerve 

51 Posterior sealene 

19 Antitragicus 

30 Mentalis 

41 Inferior oblique 

52 Middle sealene 

20 Orbicularis oris 

31 Stylohyoid 

42 Levator palpebrae superioris 

53 Epieranial aponeurosis 

21 Depressor anguli oris 

32 Posterior belly of digastricus 

43 Styloglossus 

54 Temporal faseia (cut) 

22 Transversus menti 

33 Middle pharyngeal eonstrietor 

44 Hyoglossus 

55 Parotid gland 

23 Zygomaticus major 

34 Inferior pharyngeal eonstrietor 

45 Sternohyoid 

56 Submandibular gland 

24 Zygomaticus minor 

35 Sternoeleidomastoid 

46 Omohyoid 

57 Skin 

25 Levator labii superioris 

36 Trapezius 

47 Thyrohyoid 

58 Subcutaneous layer 

26 Levator labii superioris alaeque nasi 

37 Superior rectus 

48 Longus eolli 

59 Thyroid eartilage 




First areh miiseles 



Seeond areh miiseles 



Posterior areh muscles 



Head muscles, extraocular muscels exposed 

Lateral view, lateral wall of orbit removed 


Somitie muscles 

of head and neek 
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The disseetions on this and the opposing page are 

_ deep disseetions of the head and neek that expose 

many of the muscles of the palate, pharynx, and 
tongue. The palatal and pharyngeal muscles, along with the muscles of the larynx, are the deep- 
est of the head muscles. These groups arise from the third, fourth, and sixth arehes and form the 
muscular walls to the upper regions of the embryonie gut tube. All of the “true” tongue muscles 
(the palatoglossus is included by many with the tongue muscles, but it is a muscle of the palate 
from fourth areh origin) arise from the oeeipital somites and are innervated by the eranial nerve 
XII, the hypoglossal nerve. The hypoglossal nerve is the lowest of the ventral motor nerves aris- 
ing from the brainstem and is developmentally paired with the oeeipital somites. 



First areh rrmseles 



Head muscles, palatal and pharyngeal muscles exposed 

Lateral view, mandibiilar ramus removed 



Seeond areh muscles 



Third areh muscles 



Fourth areh muscles 
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Somitie muscles 

of head 



1 Anterior belly of digastricus 11 

2 Mylohyoid 12 

3 Tensor veli palatini 13 

4 Orbicularis oculi 14 

5 Orbicularis oris 15 

6 Buccinator 16 

7 Mentalis 17 

8 Stylohyoid 18 

9 Posterior belly of digastricus (cut) 19 

10 Stylopharyngeus 20 


Levator veli palatini 

Superior pharyngeal eonstrietor 

Middle pharyngeal eonstrietor 

Inferior pharyngeal eonstrietor 

Orieothyroid 

Genioglossus 

Hyoglossus 

Styloglossus 

Inferior longitudinal muscle 
Geniohyoid 


21 Mucosa of tongue 

22 External acoustic meatus 

23 Mastoid proeess 

24 Thyroid eartilage 

25 Traehea 

26 Hyoid bone 

27 Mandible (cut) 

28 Zygomatie areh 

29 Maxilla 



Head muscles, tongue muscles exposed 

Lateral view, right half of mandible removed 



First areh muscles 



Seeond areh muscles 



Third areh muscles 



Fourth areh muscles 



Somitie muscles 

of head 
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The disseetions on this and the opposing page are deep 

_ disseetions of the head and neek that expose the palate 

and muscular wall of the pharynx and larynx (muscles 
that arise from the third, fourth, and sixth pharyngeal arehes). These are the deepest muscles of 
the head and neek, and they form the muscular walls of the upper end of the embryonie gut tube. 
The disseetion below depiets the posterior wall of the pharynx. On the opposing page the pharyn- 
geal wall has been seetioned to reveal the inside of the palate and larynx from behind. 
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Head muscles, posterior wall of pharynx exposed 

Posterior view, eervieal vertebrae and oeeipital bone removed 


Fourth areh muscles 


1 Masseter 

2 Medial pterygoid 

3 Lateral pterygoid 

4 Stylohyoid 

5 Posterior belly of digastricus 

6 Stylopharyngeus 

7 Levator veli palatini 

8 Palatopharyngeus 

9 Musculus uvulae 

10 Superior pharyngeal eonstrietor 


11 Middle pharyngeal eonstrietor 

12 Inferior pharyngeal eonstrietor 

13 Salpingopharyngeus 

14 Posterior erieo-arytenoid 

15 Oblique arytenoid 

16 Transverse arytenoid 

17 Styloglossus 

18 Pharyngotympanie tube 

19 Bony nasal septum 


20 Palatine tonsil 

21 Tongue 

22 Epiglottis 

23 Orieoid eartilage 

24 Esophagus 

25 Traehea 

26 Greater cornu of hyoid bone 

27 Aryepiglottie fold 

28 Pharyngobasilar faseia 



Head muscles, posterior wall of pharynx cut and refleeted 

Posterior view, eervieal vertebrae and oeeipital bone removed 



First areh muscles 



Seeond areh muscles 



Third areh muscles 



Fourth areh muscles 



Sixth areh muscles 



Somitie muscles 

of head 
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Seetional anatomy broadens perspeetive and shovveases anatomieal relation- 
ships in vvays that are not possible to aehieve by disseetion alone. The frontal and 
parasagittal seetions on these pages depiet and elarify the relationships of many 
of the head muscles and shovv the relationships these muscles have vvith other 
structures of the head. 




First areh muscles 



Seeond areh muscles 



Somitie muscles 

of head 


Head muscles, frontal seetion through orbits, nasal eavity, and oral eavity 

Posterior view 




















1 Temporalis 

2 Masseter 

3 Anterior digastricus 

4 Mylohyoid 

5 Frontal belly of oeeipitofrontalis 

6 Orbicularis oris 

7 Transversus menti 

8 Risorius 

9 Buccinator 

10 Mentalis 

11 Platysma 

12 Palatopharyngeus 

13 Musculus uvulae 


14 Superior pharyngeal eonstrietor 

15 Middle pharyngeal eonstrietor 

16 Inferior pharyngeal eonstrietor 

17 Salpingopharyngeus 

18 Superior rectus 

19 Inferior rectus 

20 Medial rectus 

21 Lateral rectus 

22 Superior oblique 

23 Levator palpebrae superioris 

24 Genioglossus 

25 Hyoglossus 

26 Superior longitudinal muscle 


27 Inferior longitudinal muscle 

28 Transversus muscle 

29 Vertieal muscle 

30 Geniohyoid 

31 Longus eapitis 

32 Hard palate 

33 Mandible 

34 Oeeipital bone 

35 Atlas 

36 Axis 

37 Intervertebral dise 

38 Hyoid bone 

39 Epiglottis 


40 Frontal sinus 

41 Frontal lobe of cerebrum 

42 Periorbital fat 

43 Ethmoidal air eells 

44 Superior nasal eonehae 

45 Middle nasal eonehae 

46 Inferior nasal eonehae 

47 Bony nasal septum 

48 Maxillary sinus 

49 Optie nerve 

50 Oeeipital eondyle 

51 Torus tubarius of 
pharyngotympanie tube 




First areh muscles 


Head muscles, parasagittal seetion through oral eavity and pharynx 

Posterior view, seetion is 1.2 em lateral to the midline 





Seeond areh muscles 


Fourth areh muscles 


Somitie muscles 

of head and neek 
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The disseetion on this page exposes the deepest of the head muscles 5 those of 

_ the sixth pharyngeal areh. This group, found within the wall of the larynx, is the small 

series of muscles that are responsible for sound production. Contractions of these 
muscles vary the tension on the voeal folds and adjust the size of the rima glottidis. A cut anterior portion of the erieothyroid 
is also visible; however this muscle is actually the anterior continuation of the inferior pharyngeal eonstrietor and develops 
from the fourth pharyngeal areh. 

1 Posterior erieo-arytenoid 8 Cricothyroid (cut) 

2 Lateral erieo-arytenoid 9 Hyoid bone 

3 Thyro-arytenoid 10 Epiglottis 

4 Thyro-epiglottie part of thyro-arytenoid 11 Thyroid eartilage (cut) 

5 Oblique arytenoid 12 Cricoid eartilage 

6 Ary-epiglottie part of oblique arytenoid 13 Traehea 

7 Transverse arytenoid 14 Thyrohyoid membrane 




Fourth areh muscle 



Sixth areh muscles 


Disseetion of the larynx, right lamina and horns removed 

Posterolateral view 
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Tmnk Muscles 



The trunk, which 

is defìned by the span of the vertebral column, includes 
the neek (span of the eervieal vertebrae), the thorax 
(span of the thoraeie vertebrae), the abdomen (span 
of the lumbar vertebrae), and the pelvis (span of 
the saeral vertebrae). The muscles of the trunk are 
the most primitive muscles in the vertebrate 
body. This series of muscles arises as epithelial 
migrations from the myotomes of the embryonie 
somites and forms a distinet muscle pattern 
throughout the length of the trunk. The trunk 
muscle pattern has two distinet subdivisions, the 
epaxial muscles and the hypaxial muscles, which 
are separated by a transverse intermuscular sep- 
tum. The epaxial muscles, situated posterior to the 
vertebral axis, are the extensor muscles of the vertebral 
eolrnnn that develop from the epimere of the myotomes. 

The dorsal rami of the spinal nerves innervate these muscles. 

The hypaxial muscles, positioned primarily anterior and lateral to 
the vertebral axis, develop from the hypomere of the myotomes 
and are supplied by the ventral rami of the spinal nerves. 

The epaxial muscles form a number of muscle layers that anato- 
mists typieally deseribe as a series of groups. From superíicial to deep 
the groups are the spinotransversales muscles, the ereetor spinae muscles, 
the transversospinales muscles, and the deepest groups (most of which 
are intersegmental) eonsisting of the interspinales, intertransversarii, 
and suboccipital muscles. 

The hypaxial muscles form a distinet pattern throughout the trunk 
wall. This pattern eonsists of a subvertebral musculature (positioned on the 
anterior and lateral aspeet of the vertebral bodies), a four-layered lateral 
wall of imiseles situated on the lateral aspeet of the trunk wall, and a 
ventral strap of musculature on the anterior trunk wall. 

The photos in this ehapter elearly depiet the trunk muscles and the 
patterns outlined above. 



Find more information 
about the muscles ofthe 


trunk in 


ANATOMY 







































The epaxial miiseles, or vertebral extensors 5 develop on the 

_ dorsal side of the vertebral column and skull. These muscles 

arise from the myotomal epimere of all the trunk somites and 
span the entire length of the vertebral column to the posterior aspeet of the oeeipital bone. They eomprise the 
intrinsie muscles of the vertebral column, which are often referred to as the “true baek muscles.” The vertebral 
extensors form four distinet muscle groups. These groups are, from superficial to deep, the spinotransver- 


sales (splenius muscles), the ereetor spinae, the transversospinales (three layers 


the semispinalis, 


multifidus, and rotatores layers), and the intersegmental muscles. However, eaeh of the four groups does not 
extend the entire length of the vertebral column, and in some regions not all four layers are represented. 
All epaxial muscles reeeive a nerve supply from the dorsal (posterior) rami of the spinal nerves. 


Epaxial Muscle Layers 

Spinotransversales — Splenius layer 
Ereetor spinae layer 

Transversospinalis — Semispinalis layer 
Transversospinalis — Multifidus layer 
Transversospinalis — Rotatores layer 
Deep intersegmental layer 


Vertieal muscle subdivisions within muscle layers 
Capitis Muscles 
Splenius eapitis 
Ereetor spinae eapitis 
Longissimus eapitis 
Spinalis eapitis 
Transversospinales eapitis 
Semispinalis eapitis 
Suboccipitales 

Rectus eapitis posterior major 
Rectus eapitis posterior minor 
Obliquus eapitis superior 
Obliquus eapitis inferior 


Oervieal Muscles 
Splenius eervieis 
Ereetor spinae eervieis 
llioeostalis eervieis 
Longissimus eervieis 
Spinalis eervieis 
Transversospinales eervieis 
Semispinalis eervieis 
Multifidus eervieis 
Rotatores eervieis 
Interspinales eervieis 

Intertransversarii posteriores eervieis medialis 


Thoraeie Muscles 
Ereetor spinae thoraeis 
llioeostalis thoraeis 
Longissimus thoraeis 
Spinalis thoraeis 
Transversospinales thoraeis 
Semispinalis thoraeis 
Multifidus thoraeis 
Rotatores thoraeis 
Interspinales thoraeis 
Intertransversarii thoraeis 
Levatores costarum 


Lumbar Muscles 
Ereetor spinae lumborum 
llioeostalis lumborum 
Transversospinales lumborum 
Multifidus lumborum 
Rotatores lumborum 
Interspinales lumborum 
Intertransversarii lumborum medialis 



Disseetion of epaxial musculature 


Posterior view 


158 


The spinotransversales mus- 

_ eles are the superficial-most 

epaxial muscles and are only present in the superior half of the vertebral column. This group is eomprised of 
two named muscles — the splenus eapitis and splenius eervieis. They span from the midthoraeie region to the 
base of the oeeipital bone. As their name suggests, the fibers attaeh to the spinous proeesses of the vertebrae 
and course laterally to attaeh to the vertebral transverse proeesses. These flat bands of muscle are primary 
extensors of the upper vertebral column and head. 



# . 




1 


6 


Spleniiis Musculature 

1 Splenius eapitis muscle 

2 Splenius eervieis muscle 


Other Muscles and Structures 

3 llioeostalis muscle 

4 Longissimus muscle 

5 Spinalis muscle 

6 Semispinalis muscle 

7 Multifidus muscle 

8 Levatores costarum muscle 

9 Intertransversarii muscle 

10 Posterior sealene muscle 

11 External intereostal muscle 

12 Internal intereostal muscle 

13 Quadratus lumborum muscle 

14 External oblique muscle 

15 Transversus abdominis muscle 

16 Gluteus maximus muscle 

17 Faseia of gluteus medius muscle 

18 Supraspinous ligament 

19 Nuchal ligament 




1 




2 


10 


i 


í 



Disseetion of splenius and ereetor spinae miiseles 

Posterior view 


The ereetor spinae muscles eomprise 

_ the seeond layer of epaxial muscles. 

Llnlike the splenius muscles 5 the ereetor spinae muscle group spans the entire length of the vertebral 
column. The ereetor spinae is divided into three parts, which from medial to lateral are the spinalis muscle, 
the longissimus muscle, and the ilioeostalis muscle. This strong group of epaxial muscles eonsists of muscle 
fibers that course vertieally and somewhat laterally as they span multiple vertebral levels. They function as 
primary extensors of the vertebral column. 

Ereetor Spinae and Semispinalis Musculature 


1 llioeostalis lumborum muscle - lumbar part 

2 llioeostalis lumborum muscle - thoraeie part 

3 llioeostalis eervieis muscle 

4 Longissimus thoraeis muscle 

5 Longissimus eervieis muscle 

6 Longissimus eapitis muscle 

7 Spinalis thoraeis muscle 

8 Spinalis eervieis muscle 

9 Spinalis eapitis muscle 

10 Semispinalis thoraeis muscle 

11 Semispinalis eervieis muscle 

12 Semispinalis eapitis muscle 


Other Muscles and Structures 

13 Multifidus muscle 

14 Levatores costarum muscle 

15 External intereostal muscle 

16 Internal intereostal muscle 

17 Middle sealene muscle 

18 Nuchal ligament 

19 Trapezius muscle 

20 Rhomboideus major muscle 

21 Latissimus dorsi muscle 

22 lnfraspinatus muscle 

23 Teres major muscle 

24 Deltoid muscle 

25 Trieeps muscle 




N 



Disseetion of ereetor spinae muscles 


Posterolateral view 


Disseetion of ereetor spinae muscles 


Posterior view 
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The 


transversospinales 


miiseles form the third 

layer of epaxial muscles. This deeper layer of muscles has shorter muscle fibers, on average, than its two 
superficial counterparts, and the fibers angle from lateral (transverse proeesses) to medial (spinous proeesses) 











as they course from saemrn to cranium. Within this group there are three muscles 


the semispinalis, mul- 


tifidus, and the rotatores muscles. The more superficial semispinalis muscle is depieted on this page. 
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Disseetion of semispinalis muscles 
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Posterior view 
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Disseetion of semispinalis muscles 
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Lateral view 


Disseetion of semispinalis layer on left and limb muscles on right 


Posterolateral view 
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The multifidus layer of the 

_ transversospinales mus- 

culature is highlighted on 

this page, and the deeper rotatores are evident on the opposite page along with the deeper intersegmental 
muscles. The multifidus muscles span three to five vertebral levels in their span from the saemrn to the 
seeond eervieal vertebra, while the deepest member, the rotatores, typieally span only one to two vertebrae. 
The transversospinales muscles assist their more superficial counterparts with extension of the vertebral 


column and play important roles in the maintenanee of posture. 



Disseetion of multifidus muscles 

Posterior view 
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Disseetion of multifidus and intersegmental muscles 


Posterolateral view 




The small intersegmental muscles — 

_ the interspinales muscles 5 intertrans- 

versarii muscles, levatores eostamm, 
and subocciptal muscles — in general span a single intervertebral joint. The interspinales and intertrans- 
versarii muscles contribute little to any signifieant vertebral movements. They eontain large numbers of 
sensory neurons vvithin their muscultendinous fasciculi. These spindle-like sensory reeeptors in the mus- 
eles monitor muscle tension. These small muscles, vvith their poor meehanieal advantage, probably func- 
tion as reeeptors that monitor the regional movements of the vertebral column and supply feedbaek that 
influences the aetion of the larger surrounding muscles. Assoeiated deep in the junction of the cranium and 
vertebral column are the four suboccipital muscles. The suboccipital muscles are homologous to the other 
deep muscles at more inferior vertebral levels, but are developmentally modified and enlarged to function 
vvith their speeialized vertebral counterparts — the axis, atlas, and oeeipital bone. 


Multifidus, Rotatores, and Intersegemental Muscles 

1 Multifidus lumborum muscle 

2 Multifidus thoraeis muscle 

3 Multifidus eervieis muscle 

4 Rectus eapitis posterior major muscle 

5 Rectus eapitis posterior minor muscle 

6 Obliquus eapitis superior muscle 

7 Obliquus eapitis inferior muscle 

8 Rotatores eervieis muscle 

9 Rotatores thoraeis muscle 
10 Levatores costarum muscle 


Other Muscles and Structures 
11 Semispinalis eervieie muscle 


12 Medial lumbar intertransversarii muscle 


13 Nuchal ligament 

14 External oblique muscle 

15 Transversus abdominis muscle 

16 Quadratus lumborum muscle 

17 External intereostal muscle 

18 Internal intereostal muscle 

19 Middle sealene muscle 

20 Trapezius muscle 

21 Deltoid muscle 

22 Latissimus dorsi muscle 

23 lnfraspinatus muscle 

24 Teres major muscle 

25 Rhomboideus major muscle 

26 Trieeps muscle 

27 Posterior digastricus msucle 

28 Auricularis posterior muscle 

29 Transversus nuchae muscle 



Disseetion of upper deep intersegmental muscles on left 

Posterior view 


The intertransversarii miiseles are a mixed group that 

_ are teehnieally misnamed. The epaxial intertransverse 

muscles (present at eervieal, thoraeie, and lumbar 
levels) are the “true intertransverse” muscles. They attaeh to the transverse elements of the vertebral areh. The hypaxial 
intertransverse muscles should be named intereostal muscles. They are only present in the eervieal and lumbar regions and 
attaeh to the eostal proeesses (ribs) of the eervieal and lumbar vertebrae, which are unfortunately named transverse pro- 
eesses even though they are not homologous with the thoraeie transverse proeesses. These eervieal and lumbar transverse 
proeesses are homologous with the thoraeie ribs. There are no thoraeie hypaxial intertransverse muscles because they are 
already present as the intereostal muscles and in this region they are properly named. 


Rotatores and Intersegemental Muscles 

1 Rotatores thoraeis muscle 

2 Rotatores lumborum muscle 

3 Levatores costarum muscle 

4 Interspinales thoraeis muscle 

5 Interspinales lumborum muscle 

6 Thoraeie intertransversarii muscle 

7 Medial lumbar intertransversarii muscle 

Other Muscles and Structures 

8 Intertransversarii laterales 
lumborum muscle - dorsal part 

9 Intertransversarii laterales 
lumborum muscle - ventral part 

10 Internal intereostal muscle 

11 Quadratus lumborum muscle 

12 llioeostalis muscle (cut) 

13 Multifidus muscle (cut) 

14 Trapezius muscle 

15 Latissimus dorsi muscle 

16 Rib 12 

17 lliae erest 

18 Thoracolumbar faseia 

19 Supraspinous ligament 



Disseetion of lower deep intersegmental muscles on left 

Posterolateral view 


164 


The hypaxial miiseles develop from the hypomere of eaeh somite’s 

_ myotome and form the lateral and ventral muscle wall of the trunk. As 

the hypomeres migrate to form the ventrolateral muscle wall of the 
trunk, a repeating segmental pattern emerges. This eommon muscle pattern is present in the anterior and lateral muscles 
of the neek, the thorax, the abdomen, and in a modified form in the wall and floor of the pelvis. Eaeh hypomere contributes 
six basie muscles, per side, to the trunk wall. The six muscles are a ventral muscle, a series of four superficial to deep lateral 
muscles, and a subvertebral muscle. This simple, eloquent design runs the entire length of the trunk. Llnderstanding and 
reeognizing this pattern of design not only elarifies trunk wall anatomy, but also helps simplify the task of learning the myriad 
of hypaxial trunk muscles. These hypaxial trunk muscles are the flexors and rotators of the vertebral column. They also support 
the internal viseera of the abdomen and thorax and play important roles in respiration, voealization, urination, and defeeation. 
The ventral (anterior) ramus of eaeh spinal nerve supplies all of the hypaxial muscles. The hypaxial muscle pattern and the 
muscles that form the pattern are summarized below. On the next two pages the pattern is elearly demonstrated. 


Hypaxial Muscle Pattern 
Ventral musculature 
Four-layered lateral musculature 
Supracostal or outermost muscle layer 
External muscle layer 
Middle muscle layer 
Internal muscle layer 
Subvertebral musculature 


Cervical Hypaxial Muscles 
Ventral musculature 

Geniohyoid muscle 
Thyrohyoid muscle 
Superior omohyoid muscle 
Inferior omohyoid muscle 
Sternothyroid muscle 
Sternohyoid muscle 
Four-layered lateral musculature 
Supracostal layer 

Levator scapulae muscle 
External layer 

Posterior sealene muscle 
Middle layer 

Middle sealene muscle 

Lateral posterior eervieal intertransversarii muscle 
Internal layer 

Anterior sealene muscle 
Anterior eervieal intertransversarii muscle 
Subvertebral musculature 

Longus eapitis muscle 
Longus eolli muscle 

Thoraeie Hypaxial Muscles 
Ventral musculature 

Sternalis muscle (present in about 10% of people) 
Four-layered lateral musculature 
Supracostal layer 

Serratus posterior superior muscle 
Serratus posterior inferior muscle 
Rhomboideus major muscle (annexed by the limb) 
Rhomboideus minor muscle (annexed by the limb) 
Serratus anterior muscle (annexed by the limb) 
External layer 

External intereostal muscle 
Middle layer 

Internal intereostal muscle 
Internal layer 

Innermost intereostal muscle 
Subcostal muscle 
Transversus thoraeis muscle 
Diaphragm 

Subvertebral musculature 

Longus eapitis muscle 


Lumbar Hypaxial Muscles 
Ventral musculature 

Rectus abdominis muscle 
Pyramidalis muscle 
Four-layered lateral musculature 
Supracostal layer 

External oblique muscle - superficial lamina 
External layer 

External oblique muscle - deep lamina 
Middle layer 

Internal oblique muscle 
Oremaster muscle 

Intertransversarii laterales lumborum muscle - dorsal part 
Internal layer 

Transversus abdominis muscle 
Quadratus lumborum muscle 

Intertransversarii laterales lumborum muscle - ventral part 
Subvertebral musculature 

Psoas major muscle (annexed by the limb) 

Psoas minor muscle 

Pelvis/Perineal Hypaxial Muscles 
Ventral musculature 

Not present as it terminates on the pubic erest 
Four-layered lateral musculature 
Supracostal layer 
Not present 
External layer 

Obturator externus muscle (annexed by the limb) 
Bulbospongiosus muscle 
lschiocavernosus muscle 
Superficial transverse perinei muscle 
Superficial external anal sphineter 
Middle layer 

Obturator internus muscle (annexed by the limb) 

Deep transverse perinei - male 
Oompressor urethrae - female 
Sphineter urethrovaginalis -female 
External urethral sphineter 
Deep external anal sphineter 
Internal layer 

Levator ani muscle 
lschiococcygeus muscle 
Subvertebral musculature 

Not present as psoas is annexed by the limb 
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The disseetion photos on this and the faeing page 

_ elearly depiet the pattern of design that arises from 

the hypomere migration in the trunk wall. Note that 
both the ventral and subvertebral muscles are reduced in the thorax because the sturdy thoraeie eage leads to a laek of 
mobility in the thoraeie vertebral column. Also, note that the lateral supracostal muscles of the neek and thorax are annexed 
by the peetoral girdle to support the unattached upper limb. The elear relationship of the serratus anterior and its abdominal 
homologue - the superficial lamina of the external oblique muscle - is also evident, as well as the continuity of the deep 
lamina of the external oblique and its homologue, the external intereostal muscle. Finally, note how the subvertebral psoas 
major is annexed away from the saemrn and onto the lower limb. 



Ventral hypaxíal muscles Lateral supracostal hypaxial muscles Lateral external hypaxial muscles 

Anterior view Lateral view Lateral view 
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Ventral Musculature 

1 Sternohyoid muscle 

2 Sternothyroid muscle 

3 Thyrohyoid muscle 

4 Omohyoid muscle 

5 Rectus abdominis muscle 

Lateral Supracostal Musculature 

6 Levator scapulae muscle 

7 Serratus anterior muscle 

8 Serratus posterior inferior muscle 

9 External oblique muscle (superficial lamina) 



Lateral míddle hypaxíal muscles 

Lateral view 


Lateral External Musculature 

10 Posterior sealene muscle 

11 External intereostal muscle 

12 External oblique muscle (deep lamina) 

Lateral Middle Musculature 

13 Middle sealene muscle 

14 Internal intereostal muscle 

15 Internal oblique muscle 

Lateral Internal Musculature 

16 Anterior sealene muscle 


17 Innermost intereostal muscle 

18 Transversus abdominis muscle 

Subvertebral Musculature 

19 Longus eapitis muscle 

20 Longus eolli muscle 

21 Psoas major muscle 

22 Psoas minor muscle 



Lateral ínternal hypaxial muscles 

Lateral view 


Subvertebral hypaxial muscles 

Lateral view 
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The muscular wall of the neek arises from the 

_ hypomeres of the eervieal somites and devel- 

ops in aeeordanee with the anterior and lateral 
body wall muscle pattern. A elose semtiny of the eervieal hypaxial muscles reveals a ventral muscle, which has split into 
numerous subdivisions, a four-layered lateral muscle wall where the muscles have lost their sheet-like structure, and a 
subvertebral muscle on the anterior surface of the neek vertebrae. The eervieal trunk muscles have a variety of functions. 
Some of the muscles function to stabilize and move the eervieal vertebral column. Some of the muscles assist in raising the 
upper ribs. Some are annexed by the upper limb to support the peetoral girdle. The strap-like ventral muscles, which run 
from sternum to larynxto hyoid bone to mandible, are aetive during mastieation, swallowing, respiration, and sound produc- 
tion. These seemingly varied muscles are all innervated by the anterior rami of the eervieal spinal nerves. 


Cervical Hypaxial Muscles 

Other Muscles and Structures 

21 

Subclavian artery 

1 

Sternohyoid muscle 

11 Anterior digastricus muscle 

22 

Root of braehial plexus 

2 

Sternothyroid muscle 

12 Mylohyoid muscle 

23 

Oommon earotid artery 

3 

Thyrohyiod muscle 

13 Sternoeleidomastoid muscle 

24 

Vagus nerve 

4 

Omohyoid muscle 

14 Trapezius muscle 

25 

Thyroid eartilage 

5 

Geniohyoid muscle 

15 Deltoid muscle 

26 

Thyroid gland 

6 

Anterior sealene muscle 

16 Peetoralis major muscle 

27 

Traehea 

7 

Middle sealene muscle 

17 Serratus anterior muscle 

28 

External intereostal muscle 

8 

Posterior sealene muscle 

18 Orieothyroid muscle 

29 

Internal intereostal muscle 

9 

Levator scapulae muscle 

19 Stylohyoid muscle 



10 

Longus eolli muscle 

20 Posterior digastricus muscle 
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Disseetion of neek muscles 

Anterior view 
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The muscles of the thorax and abdomen develop from the hypomere of the thoraeie and abdominal somites of the embryo. 
Like the neek they elearly demonstrate the muscle pattern of the vertebrate body wall. The thoraeie body wall differs from 
the abdomen in having well-developed ribs that dominate the wall and limit the movements of the vertebral column. Because 
of the well-developed segmental ribs, the muscles of the thoraeie wall retain their segmental origins. The uniquely mammalian 
diaphragm muscle is a member of this group that plays an important role in respiration. The outermost layer of the lateral 
muscle wall is well developed in the thorax. Some portions of this muscle layer remain assoeiated with the ribs, while the 
rhomboid muscles (depieted in the upper limb ehapter that follows) and large serratus anterior muscle migrate onto the 
scapula to beeome prineipal stabilizers of the upper limb. The ventral ramus of eaeh of the thoraeie and upper lumbar spinal 
nerves innervates these muscles. 


Thoraeie and Abdominal Musculature 

1 Rectus abdominis muscle 

2 Serratus anterior muscle 

3 External intereostal muscle 

4 External oblique muscle (superficial lamina) 

5 External oblique muscle (deep lamina) 

6 Internal intereostal muscle 

7 Internal oblique muscle 

8 Innermost intereostal muscle 

9 Transversus abdominis muscle 

Other Muscles and Structures 

10 Platysma muscle 

11 Sternohyoid muscle 


12 Sternothyroid muscle 

13 Omohyoid muscle 

14 Sternoeleidomastoid muscle 

15 Trapezius muscle 

16 Deltoid muscle 

17 Peetoralis major muscle 

18 Anterior sealene muscle 

19 Middle sealene muscle 

20 Posterior sealene muscle 

21 Bieeps braehii muscle 

22 Tensor faseiae latae muscle 

23 Gluteus medius muscle 

24 Gluteus minimis muscle 

25 lliopsoas muscle 


26 Pectineus muscle 

27 Adductor longus muscle 

28 External lamina of rectus sheath 

29 Linea alba 

30 Tendinous interseetions 

31 Internal lamina of rectus sheath 

32 Semilunar line 

33 Arcuate line 

34 Transversalis faseia 

35 lnguinal ligament 

36 Spermatie eord 

37 Inferior epigastrie vessels 

38 Cutaneous nerves 



Disseetions of thoraeie and abdominal hypaxial muscles 

Anterior view 
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Again we would have you notiee the rarely deseribed deep lamina of the external oblique muscle. Notiee its continuity with 
the external intereostal muscles, while the superficial lamina of the external oblique interdigitates with the serratus anterior 
rrmsele. Also note the similar fiber orientations of the intereostal muscles and their homologues in the abdominal wall. 
The photos of the diaphragm on the opposite page elearly reveal the continuity of this internal layer muscle with its internal 
homologue in the abdomen - the transversus abdominis muscle. 
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Disseetions of lateral muscle layers of thoraeie and abdominal wall 

Posterior view upper left, Lateral view upper eenter, Posterolateral view all others 



Disseetion of hypaxial subvertebral muscles 


Thoraeie and Abdominal Musculature 

1 Rectus abdominis muscle 

2 Serratus anterior muscle 

3 Serratus posterior superior muscle 

4 Serratus posterior inferior muscle 

5 External intereostal muscle 

6 External oblique muscle (superficial lamina) 

7 External oblique muscle (deep lamina) 

8 Internal intereostal muscle 

9 Internal oblique muscle 

10 Innermost intereostal muscle 

11 Subcostal muscle 

12 Diaphragm 

13 Transversus abdominis muscle 

14 Quadratus lumborum muscle 

15 Psoas major muscle 

16 Psoas minor muscle 

Other Muscles and Structures 

17 Longus eapitis muscle 

18 Longus eolli muscle 

19 Splenius eapitis muscle 

20 Trapezius muscle 

21 Deltoid muscle 

22 lnfraspinatus muscle 

23 Teres major muscle 

24 Trieeps braehii muscle 

25 Latissimus dorsi muscle 

26 Tensor faseiae latae muscle 

27 Gluteus maximus muscle 

28 Gluteus medius muscle 

29 Gluteus minimis muscle 

30 Piriformis muscle 

31 Superior gemellus muscle 

32 Obturator internus muscle 

33 Inferior gemellus muscle 

34 Quadratus femoris muscle 

35 lliacus muscle 

36 Sacrotuberous ligament 



Anterior view 



Disseetion revealing diaphragm 


Lateral view 


37 Sternum 

38 Thoraeie vertebra 

39 Spinal eord 

40 Ribs 

41 Costal pleura 

42 Mediastinal pleura 

43 Diaphragmatie pleura 

44 Parietal pericardium 

45 Fibrous pericardium 

46 Inferior vena eava 

47 Thoraeie aorta 

48 Esophagus 


Disseetion revealing diaphragm 

Superior view 
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The ventral, subvertebral, and lateral supracostal 

_ muscles are either annexed by the lower limb 

or terminate above the pelvie region of the 
trunk. Therefore, the three inner layers of the lateral wall beeome the major contributors to the pelvie hypaxial wall. The three 
muscle layers from eaeh side pass into the bottom of the pelvis where they meet in the midline to surround the urethra, 
vagina, and anus. This three-layered muscle floor at the bottom of the pelvis is ealled the pelvie diaphragm (internal layer) 
and the perineum (middle and external layers.) The pelvie diaphragm forms a basin-shaped floor that supports the pelvie 
viseera. The perineal rrmseles span the diamond-shaped pelvie outlet, and are divided into an anterior urogenital triangle 
and a posterior anal triangle. The perineal muscles support the pelvie viseera, form important sphineter muscles that sur- 
round the urethral and anal orifiees, assist in ereetile function, and propel the sperm from the male penis during ejaculation. 
Additional views of these muscles in both the male and female are depieted in the reproductive system ehapter. 


Perineal Musculature 

1 Obturator externus muscle 

2 lschiocavernosus muscle 

3 Bulbospongiosus muscle 

4 Superficial transverse perinei muscle 

5 Superficial external anal sphineter muscle 


6 Deep external anal sphineter muscle 

7 Deep transverse perinei muscle 

8 Levator ani muscle 

9 lschiococcygeus muscle 


Other Muscles and Structures 

10 Gluteus maximus muscle 

11 Penis (cut) 

12 Obturator nerve 

13 isehial tuberosity 

14 Coccyx 

15 Perineal body 




External perineal muscles 



Middle perineal muscles 





Disseetion of male perineal muscles 

Inferior view 


Internal perineal muscles 
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Upper Limb Muscles 


% 


While the majority of the miiseles of the upper 
limb arise as true limb muscles from the embryonie somites, some of the upper limb 
muscles are annexed from the body wall and head musculature to support and 
stabilize the scapula and suspend it from the trunk skeleton. The levator 
scapulae, rhomboideus major and minor, serratus anterior, peetoralis minor, 
and subclavius muscles are annexed lateral body wall muscles that help 
suspend the scapula, while the trapezius is an annexed branehial areh Jffg 

muscle that is also a part of the scapular group. Unlike these annexed 
body wall and head muscles, the true muscles of the limb arise from 
mesenehymal migrations of the somites into the developing limb 
bud. These migrations form two distinet muscle masses in the limb, 
an anterior muscle group and a posterior muscle group. As the 
limb develops, the two distinet muscle groups beeome separated 
by eonneetive tissue septa and bones into anterior and posterior 
muscle eompartments within the different seetions of the limb. 

As the ventral rami of the assoeiated spinal nerves grow into the 
developing upper limb bud, a nerve network, or plexus, devel- 1 g 
ops. From this plexus posterior divisions of the network send 
branehes into the posterior muscle eompartments and anterior 
divisions of the network send branehes into the anterior muscle 
eompartments. At the proximal end of the limb, some of the 
true limb muscles from the anterior and posterior eompart- [ ■ 
ments inerease in size and migrate baek onto the trunk. As they 
spread onto the trunk, they eover the body wall muscles and 
attaeh to the axial skeleton. This muscular expansion of the prox- 
imal limb muscles inereases their meehanieal advantage at the 
shoulder joint. Because of this interesting arrangement of body 
wall muscles and true limb muscles at the shoulder end of the 
superior limb, a elear eompartment organization is not evident. For 
this reason, we will group these muscles into groups that share some 
eommon feature, such as a eommon attaehment or function. In the limb 
proper we group the muscles into their developmental anterior and poste- 
rior muscle eompartments. This greatly simplifies the learning proeess 
because most of the muscles in a eompartment share eommon attaehments, 
aetions, and nerves. Grouping things in this way ean help to simplify the learning 
proeess. 
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Find more information 
about the mnseles ofthe 


upper limb in 










This ehapter depiets the interesting array of muscles of the 

_ upper limb. Because of its weak ligamentous assoeiation with 

the axial skeleton, the upper limb annexed muscles from the 
outer layer of the trunk wall and head to help suspend it from the axial skeleton. This scapular muscle sling, which has no 
homologous counterpart in the lower limb, is the major differenee between the muscles of the upper and lower limbs. On the 
pages that follow we present the muscles of the upper limb and organize them primarily by developmental groups, with the 
exception of the muscles of the shoulder joint (see the outline below). The opposite page and the two pages that follow show 
anterior and posterior views of the upper limb muscles and their relationships to the trunk musculature. 


Peetoral Girdle Muscles 

(Annexed from head muscles (trapezius) and outermost layer of 
lateral trunk muscles to support and stabilize scapula) 

Trapezius 
Levator scapulae 
Rhomboideus major 
Rhomboiedus minor 
Serratus anterior 
Peetoralis minor 
Subclavius 

Shoulder Joint Muscles 
Rotator cuff muscles 

(Muscles with a ligamentous role that function as stabilizers of 
the weakly ligamentous shoulder joint) 

Supraspinatus 
lnfraspinatus 
Teres minor 
Subscapularis 

lntertubercular groove muscles 

(Muscles that share an insertion on the intertubercular groove 
and are prime movers of the shoulder joint) 

Peetoralis major 
Latissimus dorsi 
Teres major 
Deltoid 

Anterior Braehial Muscles 

(Nerve supply - musculocutaneous nerve; function as flexors of the 
shoulder and elbow) 

Coracobrachialis 
Braehialis 
Bieeps braehii 

Posterior Braehial Muscles 

(Nerve supply - radial nerve, like all posterior eompartment muscles; 
functions as extensor of shoulder and elbow) 

Trieeps braehii 

Anterior Antebraehial Muscles 

(Nerve supply - median and ulnar nerves; function as flexors of wrist 
and digits) 

Superficial muscles 
Pronator teres 
Flexor earpi radialis 
Palmaris longus 
Flexor earpi ulnaris 
Flexor digitorum superficialis 
Deep muscles 
Flexor digitorum profundus 
Flexor pollieis longus 
Pronator quadratus 


Posterior Antebraehial Muscles 

(Nerve supply - radial nerve; function as extensors of the wrist and 
digits) 

Lateral muscles 
Braehioradialis 

Extensor earpi radialis longus 
Extensor earpi radialis brevis 
Extensor digitorum 
Extensor digiti minimi 
Extensor earpi ulnaris 
Anconeus 
Supinator 
Radial muscles 
Abductor pollieis longus 
Extensor pollieis longus 
Extensor pollieis brevis 
Extensor indieis 

Hand Muscles 

(All intrinsie hand muscles arise from anterior muscles of embryonie limb 
and are innervated by the median and ulnar nerve from the anterior 
divisions of the plexus) 

Thenar Muscles 

(All supplied by the median nerve except adductor pollieis) 

Abductor pollieis brevis 
Flexor pollieis brevis 
Opponens pollieis 
Adductor pollieis 
Hypothenar Muscles 
(All supplied by the ulnar nerve) 

Palmaris brevis 
Abductor digiti minimi 
Flexor digiti minimi 
Opponens digiti minimi 
intermetaearpal Muscles 

(All supplied by the ulnar nerve except first two lumbricals) 
Lumbricales 
Palmar interossei 
Dorsal interossei 
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1 Trapezius 

2 Deltoid 

3 Peetoralis major 

4 Bieeps braehii 

5 Trieeps braehii 

6 Serratus anterior 

7 Anterior antebraehial muscles 

8 Posterior antebraehial muscles 

9 Thenar muscles 

10 Hypothenar muscles 

11 Temporalis 

12 Masseter 

13 Muscles of faeial expression 

14 Sternoeleidomastoid 

15 Cervical body wall muscles 

16 Rectus abdominis 

17 External oblique 

18 Anterior thigh muscles 

19 Medial thigh muscles 

20 Linea alba 

21 Tendinous interseetion 

22 Spermatie eord (cut) 

23 Penis (cut) 

24 lnguinal ligament 

25 Umbilicus 

26 Palmar aponeurosis 



Muscles of the upper limb 

Anterior view 


(Jpper Limb Muscles 

1 Trapezius 

2 Deltoid 

3 Peetoralis major 

4 Bieeps braehii 

5 Trieeps braehii 

6 Serratus anterior 

7 Teres major 

8 lnfraspinatus 

9 Teres minor 

10 Latissimus dorsi 

11 Posterior antebraehial muscles 

12 Anterior antebraehial muscles 

13 Hypothenar muscles 

14 intermetaearpal muscle 

Other Muscles and Structures 

15 Muscles of mastieation 

16 Muscles of faeial expression 

17 Sternoeleidomastoid 

18 Rectus abdominis 

19 External oblique 

20 Gluteal muscles 

21 Posterior thigh muscles 

22 Thoracolumbar faseia 

23 Antebraehial faseia 

24 lliotibial traet 
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Muscles of the upper limb 

Right lateral view 











The miiseles that insert on the scapula and anehor 

_ it to the trunk form an extensive muscular sling. 

During development the upper limb annexes these 
rrmseles from the head and trunk wall. They share the eommon functional goal of moving the scapula, 
stabilizing it, and anehoring itto the axial skeleton. These muscles are some of the larger muscles of the 
upper limb, yet produce visibly minor movements of the skeleton. Realize, however, that their major 
role is to stabilize and anehor the scapula to the axial skeleton. With the exception of the peetoralis 
minor, the nerves that supply these muscles arise from the roots of the braehial plexus. 

Scapular Musles 

1 Trapezius 

2 Levator scapulae 

3 Rhomboideus minor 

4 Rhomboideus major 

5 Serratus anterior 

6 Peetoralis minor 

7 Subclavius 

Other Muscles and Structures 

8 Sternoeleidomastoid 

9 Omohyoid 

10 daviele 

11 Deltoid 

12 Ooraeobraehialis 

13 Peetoralis major (cut) 

14 External intereostal 

15 Internal intereostal 

16 Bieeps braehii 

17 Braehialis 

18 Trieeps braehii 

19 Latissimus dorsi 

20 Supraspinatus 

21 lnfraspinatus 

22 Teres major 

23 External oblique 

24 Rectus abdominis 

25 Braehioradialis 

26 Extensor earpi radialis longus 

27 Serratus posteror inferior 

28 Teres minor 

29 External oblique aponeurosis 

30 Traehea 

31 Spine of scapula 

32 Greater tubercle of humerus 

33 Rib 



Miiseles of right brachium, shoulder, and ehest 

Anterior view 
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The rotator cuff muscles are an important muscle group that play a eritieal role in stabilizing the 
shoulder joint. The four muscles (supraspinatus, infraspinatus, teres minor, and subscapularis) 
have thiek, flat tendons of insertion that form a strong musculotendinous cuff around all but the 
inferior aspeet of the glenohumeral joint. These tendons are intimately applied to the fibrous 
membrane of the joint capsule. Individually eaeh muscle contributes little to the total range of 
motion of the humerus at the glenohumeral joint. Hovvever, they play a prominent role in stabiliz- 
ing the joint and positioning and stabilizing the head of the humerus in the glenoid eavity. When 
the rotator cuff muscles are eompromised by injury, the shoulder joint loses stability and 
beeomes highly susceptible to disloeation. 


Rotator Cuff Muscles 

1 Supraspinatus 

2 lnfraspinatus 

3 Teres minor 

4 Subscapularis 


Other Muscles and Structures 

5 Bieeps braehii 

6 Coracobrachialis 

7 Trieeps braehii 

8 Teres major 

9 Coracoid proeess of scapula 

10 Superior angle of scapula 

11 Inferior angle of scapula 

12 Spine of scapula 

13 Medial border of scapula 

14 Greater tubercle of humerus 



Deep disseetion of the right shoulder muscles 

Anterior view 
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Deep disseetion of the right shoulder muscles 


Posterior view 


| 



Deep disseetion of the right shoulder muscles 

Medial view 
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The prime movers of the shoulder joint are the muscles that share a eommon attaehment on the 
intertubercular groove (peetoralis major, teres major, and latissimus dorsi) and the deltoid muscle. 
These large muscles are superficial to the muscles of the rotator cuff and form extensive attaeh- 
ments on the peetoral girdle and axial skeleton. Inserting more distally on the humerus then the 
rrmseles of the rotator cuff, they have a better meehanieal advantage and produce the major 
movements of the shoulder joint. The intertubercular groove muscles also form the anterior and 
posterior walls of the axilla. The large peetoralis major forms the anterior wall of the axilla, while 
the sheet-like latissimus dorsi and thiek, round teres major form the posterior axillary wall. 







Shoulder Prime Movers 

1 Deltoid 

2 Peetoralis major 

3 Teres major 

4 Latissimus dorsi 
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Other Muscles and Structures 

5 Levator scapulae 

6 Rhomboideus minor 

7 Rhomboideus major 

8 Supraspinatus 

9 lnfraspinatus 

10 Teres minor 

11 Trieeps braehii 

12 Trapezius 

13 Spleneus eapitis 

14 Serratus anterior 

15 Peetoralis minor 

16 External intereostal 

17 Internal intereostal 

18 Rectus abdominis 

19 Ooraeobraehialis 

20 Bieeps braehii 

21 Braehialis 

22 Posterior sealene 

23 Middle sealene 

24 Anterior sealene 

25 Omohyoid 

26 Sternohyoid 

27 Sternothyroid 

28 Thyrohyoid 

29 Sternoeleidomastoid 

30 External oblique 

31 Braehioradialis 

32 daviele 

33 Humerus 

34 Spine of scapula 

35 Thoracolumbar faseia 

36 Linea alba 

37 Oommon earotid artery 
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Muscles of neek, shoulder, brachium, and baek 


Posterior view 
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The anterior miisele 

_ eompartment of the 

braehiiim eonsists of 

three miiseles — the eoraeobraehialis, braehialis, and bieeps braehii. The eoraeobraehialis and 
braehialis eaeh eross a single joint, the shoulder joint and elbow joint respeetively. The bieeps 
braehii erosses three joints, the shoulder, and the humero-ulnar and radio-ulnar joints of the 
elbow. The muscles share in eommon the aetions of flexion of the shoulder and elbow. All three 
muscles are innervated by the musculocutaneous nerve. 




Anterior Braehial Muscles 

1 Coracobrachialis 

2 Braehialis 

3 Bieeps braehii - long head 

4 Bieeps braehii - short head 

5 Trieeps braehii 


Other Muscles and Structures 

6 Supraspinatus 

7 Subscapularis 

8 Teres major 

9 Braehioradialis 

10 Pronator teres 

11 Coracoid proeess 

12 Superior angle 

13 Inferior angle 

14 Greater tubercle 

15 Lesser tubercle 




Muscles of the right brachium and scapula 

Anterior view 


Deep muscles of the right brachium 

Anterior view 
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The three headed trieeps 

_ braehii muscle is the sole 

rrmsele of the posterior 

eompartment of the brachium. This large muscle extends the shoulder and elbow joints and is innervated 
by the radial nerve. 


Posterior Braehial Muscles 

1 Trieeps braehii - medial head 

2 Trieeps braehii - lateral head 

3 Trieeps braehii - long head 

4 Bieeps braehii - long head 

5 Beeeps braehii - short head 

6 Braehialis 


Other Muscles and Structures 

7 Supraspinatus 

8 lnfraspinatus 

9 Teres minor 

10 Teres major 

11 Humerus 

12 Greater tubercle 

13 Spine of scapula 

14 Braehail artery 
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Transverse seetion of right midbraehim 


Muscles of the right brachium and scapula 


Inferior view 


Posterior view 



The miiseles of the 

_ anterior antebra- 

chium form three 

distinet muscle layers. The superficial group has four superficial muscles (pronator teres, flexor earpi 
radialis, palmaris longus, and flexor earpi ulnaris) eovering the intermediate flexor digitomm superficialis. 
All five of these muscles share a eommon attaehment on the medial epieondyle of the humerus. The three 
deep muscles (flexor digitomm profundus, flexor pollieis longus, and pronator quadratus) do not eross 
the elbow joint. Other than the two pronators, all the muscles are flexors of either the wrist or digits. The 
median nerve innervates all but the flexor earpi ulnaris and the ulnar half of the flexor digitomm profundus, 
both of which are supplied by the ulnar nerve. 


Anterior Antebraehial Muscles 

1 Pronator teres 

2 Flexor earpi radialis 

3 Palmaris longus 

4 Flexor earpi ulnaris 

5 Flexor digitorum superficialis 

6 Flexor digitorum profundus 

7 Flexor pollieis longus 

8 Pronator quadratus 

Other Muscles and Structures 

9 Braehialis 

10 Palmar aponeurosis 

11 Braehial artery 

12 Radial artery 

13 lllnarartery 

14 Anterior interosseous artery 

15 lnterosseous membrane 

16 Abductor pollieis brevis 

17 Flexor pollieis brevis 

18 Lumbricals 

19 Adductor pollieis 

20 Flexor digiti minimi brevis 

21 Abductor digiti minimi 

22 Palmaris brevis 

23 Supinator 

24 Superficial transverse metaearpal ligament 
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Superficial muscles of the right antebrachium 

Anterior view, hand pronated 























There are two 

_ muscle groups 

in the posterior 

antebrachium — the eight muscles of the lateral group that share a eommon attaehment on or near the 
lateral epieondyle of the humerus and the four muscles of the radial group that course along the distal 
aspeet of the radius to insert on the thumb and first finger. Like the trieeps of the posterior braehial 
eompartment, all the muscles of the posterior antebrachium reeeive innervation via the radial nerve. 
With a few exceptions, the muscles are extensors of either the elbow, wrist, or digits. 


Posterior Antebraehial Muscles 

1 Braehioradialis 

2 Anconeus 

3 Supinator 

4 Extensor earpi radialis longus 

5 Extensor earpi radialis brevis 

6 Extensor digitorum 

7 Extensor digiti minimi 

8 Extensor earpi ulnaris 

9 Abductor pollieis longus 

10 Extensor pollieis longus 

11 Extensor pollieis brevis 

12 Extensor indieis 

Other Muscles and Structures 

13 Bieeps braehii 

14 Braehialis 

15 Trieeps braehii 

16 Flexor earpi radialis 

17 Pronator teres 

18 Flexor pollieis longus 

19 Abductor digiti minimi 

20 Dorsal interossei 
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Superficial rrmseles of the right antebrachium 

Posterior view, hand pronated 















There are three muscle groups in the hand — the miiseles of the thenar eminenee 

_ at the base of the thumb 5 the muscles of the hypothenar eminenee at the base of 

the little finger, and the three layers of intermetaearpal muscles that occupy the 
spaees between the metaearpal bones. All of these muscles arise from the anterior muscles of the embryonie limb bud and 
reeeive anterior division nerve supply from the median and ulnar nerves as they pass from the anterior antebrachium into 
the hand. VVhile the median nerve supplies the majority of the muscles of the anterior antebrachium, the ulnar nerve supplies 
all but three of the muscles in the hand. 



Muscles of the 
thenar eminenee 



Muscles of the 
hypothenar eminenee 



Superficial muscles of the right hand 

Anterior view 
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Hand Muscles 

1 Abductor pollieis brevis 

2 Flexor pollieis brevis 

3 Addiietor pollieis 

4 Abductor digiti minimi 

5 Flexor digiti minimi brevis 

6 Palmaris brevis 


7 Lumbricals 

8 Palmar interossei 

9 Dorsal interossei 

Other Muscles and Structures 

10 Flexor digitorum superficialis 

11 Flexor digitorum profundus 


12 Palmaris longus 

13 Flexor earpi ulnaris 

14 Flexor pollucis longus 

15 Flexor earpi radialis 

16 Palmar aponeurosis 

17 Flexor retinaculum 

18 (Jlna 



Intermediate muscles of the right hand 

Anterior view 



Muscles of the 
thenar eminenee 



Muscles of the 
hypothenar eminenee 



intermetaearpal muscles 
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Hand Muscles 

1 Abductor pollieis brevis (cut) 

2 Flexor pollieis brevis (cut) 

3 Opponens pollieis 

4 Adductor pollieis 

5 Abductor digiti minimi 

6 Flexor digiti minimi brevis 

7 Opponens digiti minimi 

8 Palmaris brevis 


9 Lumbricals (cut) 

10 Palmar interossei 

11 Dorsal interossei 

Other Muscles and Structures 

12 Flexor digitorum superficialis 

13 Flexor digitorum profundus 

14 Oarpal tunnel 



Deep miiseles of the ríght hand 

Anterior view 



Muscles of the 
thenar eminenee 



Muscles of the 
hypothenar eminenee 



intermetaearpal muscles 



Lower Limb Miiseles 



The design of the inferior 

musculature is similar to that of the true limb muscles of the superior limb. 

The major differenee between the two limbs is that the proximal end of the 
lower limb forms a direet skeletal attaehment to the vertebral column via the 
strong saero-iliae joint, unlike the unattached scapula of the superior limb. 

Because of this differenee, the inferior limb does not require body wall mus- 
eles to support, stabilize, and suspend it from the axial skeleton. There are 
two additional features that are important to keep in mind when studying 
this powerful loeomotor limb. First, during development of the lower limb 
the embryonie posterior muscles rotate and reposition themselves to the 
anterior aspeet of the limb. For this reason the knee and ankle move di- 
reetly opposite the elbow and wrist. The seeond notable feature is that 
there are three muscle eompartments in the thigh and leg, as eompared 
to just two in the braehimn and antebrachium. One of the two original 
eompartments in eaeh lower limb segment (thigh and leg) splits to give 
rise to an additional eompartment. The thigh has an anterior eompart- 
ment and a posterior eompartment, but the posterior eompartment is 
subdivided into posterior and medial eompartments. The leg has a large 
posterior eompartment and a smaller anterior eompartment and the 
anterior eompartment is subdivided into anterior and lateral eompart- 
ments. As with the upper limb, we present the muscles of the lower limb 
proper in their muscle eompartments. Again, this greatly simplifies the 
learning proeess because most of the muscles in a eompartment share simi- 
lar attaehments, perform eommon aetions, and have a eommon nerve supply. 

Unlike the eompartmental muscles of the lower limb proper, the proximal 
muscles of the lower limb that surround the hip joint are a more diverse group of 
rmiseles. Some are true limb muscles, while others are annexed muscles from the 
trunk wall. We organize these hip rmiseles into three groups — the deep hip rotator 
muscles, the gluteal muscles, and the hip flexors. 



Find more information 
about the muscles ofthe 
lower limb in 



















The muscles of the lovver limb share similarities vvith their 

_ upper limb counterparts, yet have important differenees. As 

you vvill notiee in the groups belovv there are no homologues in 
the lovver limb to the scapular muscles of the upper limb. Like the shoulder muscles, the muscles surrounding the hip joint 
are a varied group of muscles, vvith some annexed from the body vvall of the abdominopelvie region. In the limb proper the 
muscles develop in muscular eompartments as they do in the upper limb; hovvever, the embryonie posterior aspeet of the 
limb rotates to an anterior position. As a result, the nerves that arise from the posterior divisions of the lumbosacral plexus 
innervate the anterior muscle eompartments, and the nerves from the anterior divisions of the plexus innervate the posterior 
muscle eompartments. The developmental groups of muscles and their nerve supply are outlined belovv. 


Hip Muscles 

Gluteal muscles 

(Nerve supply - gluteal nerves, superior to maximus and inferior 
to the other three; arise from lateral aspeet of ilium and are prime 
movers and stabilizers of hip joint) 

Gluteus maximus 
Gluteus medius 
Gluteus minimus 
Tensor faseiae latae 
Deep hip rotator muscles 

(All are lateral rotators of the hip joint and insert on the medial 
aspeet of greater troehaneter) 

Piriformis 
Obturator internus 
Obturator externus 
Superior gemellus 
Inferior gemellus 
Quadratus femoris 
Hip flexor muscles 
Psoas major 
lliacus 

AnteriorThigh Muscles 

(Nerve supply - femoral nerve; major extensor group of the knee) 
Sartorius 

Quadriceps femoris 
Rectus femoris 
Vastus lateralis 
Vastus intermedius 
Vastus medialis 
Articularis genu 

Medial Thigh Muscles 

(Nerve supply - obturator nerve with exception of pectineus, which is 
supplied by femoral nerve and eondylar head of adductor magnus, 
which is supplied by tibial nerve) 

Pectineus 
Adductor brevis 
Adductor longus 
Adductor magnus 
Adductor minimis 
Graeilis 

PosteriorThigh Muscles 

(Nerve supply - Tibial nerve with exception of short head of bieeps 
femoris, which is supplied by eommon fibular nerve) 

Bieeps femoris 

Semitendinosus 

Semimembranosus 


Anterior Leg Muscles 

(Nerve supply - deep fibular nerve) 

Tibialis anterior 
Extensor digitomm longus 
Extensor hallucis longus 
Peroneus tertius 

Lateral Leg Muscles 

(Nerve supply - superficial fibular nerve) 

Peroneus longus 
Peroneus brevis 

Posterior Leg Muscles 
(Nerve supply - tibial nerve) 

Trieeps surae 
Gastrocnemius 
Soleus 
Plantaris 
Popliteus 
Tibialis posterior 
Flexor digitorum longus 
Flexor hallucis longus 

Dorsal Foot Muscles 

(Nerve supply - deep fibular nerve) 

Extensor hallucis brevis 
Extensor digitomm brevis 

Plantar Foot Muscles 

(Nerve supply - tibial nerve via its terminal branehes, medial plantar 
nerve supplies first lumbrical, abductor hallucis, flexor hallucis brevis, 
and flexor digitorum brevis; lateral plantar nerve supplies all the others) 
First layer 
Abductor hallucis 
Flexor digitorum brevis 
Abductor digiti minimi 
Seeond layer 
Quadratus plantae 
Lumbricales 
Third layer 
Flexor halluci brevis 
Adductor hallucis 
Flexor digiti minimi brevis 
Fourth layer 
Plantar interossei 
Dorsal interossei 
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1 

Tensor faseiae latae 

9 Vastus lateralis 

17 

Soleus 

2 

lliaeiis 

10 Vastus medialis 

18 

Tibialis anterior 

3 

Psoas major 

11 Gluteus maximus 

19 

Fibularis longus 

4 

Pectineus 

12 Adductor magnus 

20 

Fibularis brevis 

5 

Adductor longus 

13 Bieeps femoris 

21 

lliotibial traet 

6 

Graeilis 

14 Semitendinosus 

22 

Calcaneal tendon 

7 

Sartorius 

15 Semimembranosus 

23 

Quadriceps tendon 

8 

Rectus femoris 

16 Gastrocnemius 

24 

Flexor digitorum longus 



Miiseles of the lovver limb 

Anterior view 



Muscles of the lower limb 

Posterior view 









The miiseles that surround the hip joint form three groups. The gluteal muscles arise 

_ from the posterior musculature of the embryonie limb bud and are prime movers of the 

hip joint. They ereate the eharaeteristie profile of the human buttocks. The deep hip 
rotator muscles are elosely assoeiated with the body wall of the pelvie region. Five of the six muscles sit deep to the gluteal 
musculature on the posterior aspeet of the hip joint. The hip flexors are deep body wall muscles of the abdominal wall that 
have been annexed by the lower limb during development. These muscles, the psoas major and iliacus, form a pulley over 
the superior ramus of the pubis on their deseent onto the lesser troehanter of the femur. 



Gluteal muscles Deep hip rotator muscles 



Muscles of the gluteal region, gluteus maximus removed on left 

Posterior view 
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Gluteal Muscles 

1 Gluteus maximus 

2 Gluteus medius 

3 Gluteus minimis 

4 Tensor faseiae latae 

Deep Hip Rotator Muscles 

5 Piriformis 

6 Superior gemellus 


7 Obturator internus 

8 Inferior gemellus 

9 Quadratus femoris 

10 Obturator externus 

Hip Flexor Muscles 

11 Psoas major 

12 lliacus 


Other Muscles and Structures 

13 Bieeps femoris 

14 Semitendinosus 

15 Semimembranosus 

16 Adductor magnus 

17 Adductor minimus 

18 Graeilis 

19 Vastus intermedius 

20 Pelvie diaphragm 


21 Transversus abdominis 

22 Quadratus lumborum 

23 Psoas minor 

24 Pectineus (cut) 

25 lliotibal traet 

26 Sacrotuberous ligament 

27 Penis (cut) 

28 llium 

29 Femur 



Deep hip rotator 
muscles 


Gluteal muscles 




Gluteal rrmseles 



Hip flexor muscles 



Muscles of gluteal region, gluteus maximus and medius removed 

Posterolateral view 


Deep disseetion of iliopsoas muscles 

Anterior view 
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The four major muscles of the anterior 

_ eompartment form the quadriceps femoris 

muscle group.The four muscles of this 
group eonverge to form the strong quadriceps tendon that surrounds all but the posterior surface of the patella. 
As the sole extensors of the knee, the quadriceps are essential for mnning, jumping, and kieking. The sartorius, 
which is the longest muscle in the body, is a knee flexor. The small articularis genus raises the suprapatellar 
bursa during extension of the knee. All of the muscles in this eompartment reeeive their innervation via the 
femoral nerve from the posterior divisions of the lumbar plexus. 




Muscles of the thigh 

Anterior view, left thigh 


Muscles of the thigh, rectus femoris cut 

Anterior view. left thigh 








Anterior Thigh Muscles Other Muscles and Structures 13 Pectineus 20 Spermatie eord 

1 Rectus femoris 7 Tensor faseiae latae 14 Adductor longus 21 Linea alba 

2 Vastus lateralis 8 Transversus abdominis 15 Graeilis 22 lliotibial traet 

3 Vastus intermedius 9 Rectus abdominis 16 Gluteus minimis 23 Femur 

4 Vastus medialis 10 Pyramidalis 17 Obturator externus 24 Inferior epigastrie vessels 

5 Sartorious 11 lliacus 18 Quadratus femoris 25 Penis (cut) 

6 Articularis genus 12 Psoas major 19 lnguinal ligament 26 Rectus sheath 



Deep miiseles of the thigh 

Anterior view 







The six muscles of the medial eompartment are all eapable 

_ of addiieting the hip joint. The pectineus and four adductor 

muscles all originate from a medial position on the pubis 
and ischium and projeet laterally to insert on the posterior surface of the femur. The graeilis muscle differs from the others 
in the group by erossing the knee joint in addition to the hip. It courses with the sartorius muscle as a flexor of the knee. With 
the exception of the pectineus and eondylar part of the adductor magnus, all the rrmseles are innervated by the obturator 
nerve, which arises from the anterior divisions of the lumbar plexus. 


Medial Thigh Muscles 

1 Pectineus 

2 Adductor longus 

3 Adductor brevis 

4 Adductor magnus 

5 Adductor minimis 

6 Graeilis 

Other Muscles and Structures 

7 Sartorius 

8 lliacus 

9 Psoas major 

10 Tensor faseiae latae 

11 Rectus femoris 

12 Obturator externus 

13 Vastus lateralis 

14 Articularis genus 

15 Gluteus medius 

16 Piriformis 

17 Superior gemellus 

18 Obturator internus 

19 Inferior gemellus 

20 Quadratus femoris 

21 Bieeps femoris (short head) 

22 Gastrocnemius 

23 Plantaris 

24 Soleus 

25 Pelvie diaphragm 

26 Transversus abdominis 

27 Rectus abdominis 

28 Spermatie eord 

29 Sacrotuberous ligament 

30 Femur 

31 Penis (cut) 






Disseetion of medial thigh muscles 

Anterior view, right thigh 


Disseetion of medial thigh muscles 

Posterior view, right thigh 
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Like the medial eompartment of 

_ the thigh, the bieeps femoris, semi- 

membranosus, and semitendinosus 
arise from the embryonie anterior, or flexor, musculature. The muscles of this eompartment, the smallest 
of the three thigh eompartments, are long, two-joint muscles that share much in eommon. All three 
muscles arise from the isehial tuberosity, extend the hip and flex the knee, and reeeive their nerve supply 
via the tibial braneh of the seiatie nerve (with the exception of the short head of the bieeps femoris, which 
is innervated by the eommon fibular braneh of the seiatie nerve). Often referred to as the hamstring 
muscles, these muscles work with the sartorius and graeilis as the strong flexors of the knee joint. 


PosteriorThigh Muscles 

1 Bieeps femoris (long head) 

2 Bieeps femoris (short head) 

3 Semitendinosus 

4 Semimembranosus 


Other Muscles and Structures 

5 Gluteus maximus 

6 Gluteus medius 

7 Piriformis 

8 Superior gemellus 

9 Obturator internus 

10 Inferior gemellus 

11 Quadratus femoris 

12 Adductor minimus 

13 Adductor magnus 

14 Pelvie diaphragm 

15 Graeilis 

16 Gastrocnemius 

17 Sacrotuberous ligament 

18 lliotibial traet 

19 llium 
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Muscles of the gluteal region and thigh 

Posterior view, gluteus maximus removed on left 



1 

Rectus femoris 

7 Adductor longus 

13 

Femoral vein 

2 

Vastus lateralis 

8 Adductor magnus 

14 

Hypodermis 

3 

Vastus intermedius 

9 Bieeps femoris 

15 

Femur 

4 

Vastus medialis 

10 Semitendinosus 

16 

Yellow bone marrow 

5 

Sartorious 

11 Semimembranosus 

17 

Seiatie nerve 

6 

Graeilis 

12 Femoral artery 

18 

Saphenous nerve 
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Transverse seetion of right thigh 

Inferior view, level at mid thigh 





























The anterior eompartment of the leg eonsists of 

_ four muscles, all of which dorsal flex the ankle 

joint and are innervated by the deep fibular nerve 
from the posterior divisions of the saeral plexus. These muscles sit in a tight faseial eompartment anterior to the 
interosseous membrane and between the tibia and fibula. As their tendons eross the ankle joint they are held 
firmly in plaee between the tibial and fibular malleoli by two strong retinacular bands. Two of the muscles, the 
tibialis anterior and fibularis tertius, insert on the ankle. The other two muscles, the extensor digitomm longus 
and extensor hallucis longus, reaeh the ends of the digits and also function as digital extensors. 


Anterior Leg Muscles 

1 Tibialis anterior 

2 Extensor digitorum longus 

3 Extensor hallucis longus 

4 Fibularis tertius 

Other Muscles and Structures 

5 Vastus lateralis 

6 Fibularis longus 

7 Fibularis brevis 

8 Gastrocnemius 

9 Soleus 

10 Extensor hallucis brevis 

11 Extensor digitorum brevis 

12 lnterosseous membrane 

13 Anterior tibial vessels 

14 Extensor retinaculum 

15 Tibia 

16 Patellar ligament 




Superficial muscles of the anterior crus Deep muscles of the anterior crus 

Anterior view Anterolateral view 
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The small lateral eompartment, like the anterior 
eompartment, arises from the embryonie dorsal 


limb muscles. The two muscles within this eom- 


partment, the fibularis longus and fibularis brevis, are similar. They both arise from the lateral aspeet of the 
fibula. They both pursue a pulley-like course behind the lateral malleolus, underthe eover of a retinaculum, 
in their passage to the bottom of the foot. They both plantar flex and evert the foot. The superficial fibular 
nerve, from the posterior divisions of the saeral plexus, supplies both muscles. 


Lateral Leg Muscles 

1 Fibularis longus 

2 Fibularis brevis 


Other Muscles and Structures 

3 Gastrocnemius 

4 Soleus 

5 Fibularis tertius 

6 Extensor digitorum longus 

7 Tibialis anterior 

8 Extensor hallucis longus 

9 Extensor digitorum brevis 

10 lnterosseous membrane 

11 Oaleaneal tendon 

12 Femur 

13 Tibia 

14 Fibula 

15 Lateral malleolus 

16 Patellar ligament 


P 
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Muscles of the crus 

Lateral view 


Deep muscles of the crus 


Lateral view 
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The posterior eompartment of the leg eomprises the large 

_ miisele mass on the baek of the leg that is often referred to 

as the ealf. This eompartment has two distinet muscle 
groups - a large superficial group and a smaller deep group. The superficial group, the gastrocnemius, the soleus, and the 
plantaris, eaeh insert on the calcaneus. The gastrocnemius and soleus eombine to form the large tendocalcaneus, or Aehilles 
tendon. The smaller, deep group eonsists of four muscles, three of which form a pulley-like arrangement around the medial 
malleolus. These are the flexor hallucis longus, flexor digitomm longus, and tibialis anterior. The fourth muscle in the group 
is the deeply situated popliteus that occupies the floor of the popliteal fossa. 


Posterior Leg Muscles 

1 Tibialis posterior 

2 Flexor digitorum longus 

3 Flexor hallucis longus 

4 Popliteus 

5 Plantaris 

6 Soleus 

7 Gastrocnemius 

Other Muscles and Structures 

8 Fibularis brevis 

9 Fibularis longus (tendon) 

10 Flexor digitorum brevis 

11 Abductor hallucis 

12 Flexor hallucis brevis 

13 Abductor digiti minimi 

14 Oaleaneal tendon 

15 Fibula 



Superficial muscles of the crus 

Posterior view 


Deep muscles of the crus 

Posterior view 
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Situated on the dorsal surface of the foot are two short digital extensor muscles, the 

_ extensor hallucis brevis and extensor digitomm brevis. These thin muscle sheets 

help the long digital extensors of the anterior eompartment extend the digits. Like the 
anterior eompartment muscles, they are innervated by the deep fibular nerve. The plantar muscles of the foot are much 
more substantial than the thin dorsal muscles of the foot. These muscles sit beneath the thiek subcutaneous fat pad on the 
bottom of the foot. From superficial to deep, the plantar muscles form four layers. 





Layer one 



Layer two 


Disseetion of foot, plantar aponeurosis removed 

Plantar view 
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Disseetion of foot, first muscle layer removed 

Plantar view 


















Foot Muscles 

1 Extensor hallucis brevis 

2 Extensor digitorum brevis 

Other Muscles and Structures 

3 Tibialis anterior (tendon) 

4 Extensor hallucic longus (cut) 

5 Extensor digitomm longus (cut) 

6 Fibularis longus (tendon) 

7 Fibularis brevis (tendon) 

8 Deep fibular nerve 

9 Dorsalis pedis artery 




Dorsal foot muscles 
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Disseetion of left foot 

Dorsal view 




Peripheral Nervous System 


Look around your eity 
or town and notiee the telephone wires that run from telephone 
pole to telephone pole along the eity streets, eventually reaehing 
the homes and plaees of business throughout the eity. They might 
not always be visible because in some eities they run underground. 

Regardless of where they occur, these wires eriss-eross throughout the 
eity distributing eleetrieal current from phone to phone in our homes and 
plaees of sehool, work, and entertainment. Ihese wires are not complex 
structures; they are simply metal wires that ean conduct an eleetrie eharge 
from one phone to another. These telephone wires in our eities and homes are 
typieally insulated from one another and proteetively wrapped to prevent dam- 
age. Their pathways through the eity are not complex; they simply follow logieal 
routes to different parts of the eity. The wires are bundled in eommon groups that 
follow shared pathways to similar loeations. As these wires course through the 
eity they relay to telephone eenters operated by the telephone 
eompanies. At these eenters the wires enter eontrol 
rooms where they form complex circuits. This 
complex circuitry allows the eleetrieal messages 
to be proeessed and direeted to the proper 
phones. j 

Like the telephone wires of our eities and 
homes, the nerves of the peripheral nervous 


system are really rather simple structures. 
They eonsist of long, insulated axons bun- 
dled together in proteetive collagenous 
wrappings. These axons pass in bundled 
groups that follow logieal routes to the dif- 
ferent regions of the body where they eom- 
municate with reeeptor (sensory reeeptors) 
or effeetor strucutres (muscles or glands). 
Like telephone wires, these neuronal wires 
conduct eleetrieal messages to and from the 
eentral proeessing eenter (brain and spinal 
eord). Ihis ehapter will depiet the basie de- 
sign of the structures ealled nerves and 
demonstrate the pathways of the nerves 
throughout the body. 







Find more information 
about the peripheral 
nervons system in 
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Nerves are biindles of axons mnning betvveen the eentral nervous 

_ system and the peripheral tissues of the body. While all nerves have 

a similar basie structure, they vary in the types and numbers of 
neurons bundled vvithin. The basie design of a nerve eonsists of neurons vvrapped by neurolemmocytes to form the nerve fiber. 
The fibers are proteetively vvrapped and nourished by a vascular loose eonneetive tissue, the endoneurium. Many endoneurial 
vvrapped fibers are surrounded by a collagenous perineurium to form the fasciculus of the nerve, and all the fasciculi are 
vvrapped in a collagenous sheath, the epineurium, to form the nerve. 



Photomierograph of nerve eross-seetion 

200x 


Disseetion of seiatie nerve 

Posterior view 
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The spinal nerves arise from the 

_ spinal eord as a series of small 

neuronal bundles ealled rootlets — ventral (motor)rootlets and dorsal (sensory) rootlets. Eaeh series 
of ventral rootlets eonverges to form larger ventral roots. Likewise eaeh series of dorsal rootlets eon- 
verges to form larger dorsal roots. The dorsal and ventral roots projeet laterally and eonverge to form 
the spinal nerve trunk. Aganglion, the dorsal root ganglion, is present on the dorsal root just prior to 
the spinal nerve trunk. Branehing from the trunk are two large branehes and a variable series of 
smaller branehes. Eaeh braneh follows a speeifie course to different peripheral regions. The two largest 
branehes, the ventral ramus and dorsal ramus, are somatie branehes that run in the musculoskeletal 
wall of the body. Smaller viseeral branehes, the meningeal nerve, the white and gray communicating 
rami, and the parasympathetie splanehnie nerves form the autonomic pathways to smooth muscle 
and glandular tissue. 




Structure of a Nerve 

1 Seiatie nerve 

2 Epineurium 

3 Perineurium 

4 Endoneurium 

5 Myelin sheath 

6 Axon 

7 Cell body 

8 Dendrite 

Spinal Nerve Structures 

9 Ventral rootlets 

10 Dorsal rootlets 

11 Dorsal root 

12 Dorsal root ganglion 

13 Ventral root 

14 Spinal nerve trunk 

15 Ventral ramus 

16 Dorsal ramus 


Other Structures 

17 Spinal eord 

18 Cervical vertebra 

19 Vertebral artery 

20 Common earotid artery 

21 Internal jugular vein 

22 Laryngopharynx 

23 Larynx 

24 Thyroid eartilage 

25 Cricoid eartilage 

26 Voealis muscle 




Disseetion of eervieal spinal eord 

Superior view 


Disseetion of spinal eord, thoraeie vertebral bodies removed 

Anterior view 
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VVith slight variation, the basie pattern of the spinal nerve repeats itself thirty-one 

_ times along the entire length of the spinal eord. VVith the exception of the first spinal 

nerve, eaeh spinal nerve level emerges from vvithin the vertebral column to pass 
peripherally betvveen successive vertebrae. Because of the developmental differenees in the grovvth rate of the vertebral 
column and assoeiated spinal eord, the lovver roots of the spinal nerves are dragged dovvnvvard by the lengthening vertebral 
column. VVith eaeh succeeding spinal nerve level the roots beeome longer and more oblique in their course, eventually 
extending beyond the end of the spinal eord as the vertieally oriented cauda equina. 


Spinal Nerves 

1 Spinal nerve 

2 Cervical dorsal rootlets 

3 Thoraeie dorsal rootlets 

4 Liimbosaeral dorsal rootlets 

5 Dorsal rami 

6 Cauda equina 

7 Filum terminale 




Other Structures 

8 Cerebrum 

9 Cerebellum 

10 Medulla oblongata 

11 Spinal eord 


12 Dura mater 

13 Superior sagittal sinus 

14 Transverse sinus 

15 Opening of straight sinus 

16 Confluence of sinuses 





Disseetion exposing cauda equina 

Posterior view 


Disseetion revealing spinal eord and brain 

Posterior view 
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The dorsal rami of the spinal nerves arise at all spinal 

_ levels and pursue a posterior course into the muscles 5 

eonneetive tissue, and skin of the baek. They innervate all 
the epaxial muscles eomprising the extensors of the vertebral column. The cutaneous distribu- 
tion of the dorsal rami spans from the top of the head, down the posterior trunk, to the superior 
half of the gluteal region. With the exception of levels C1, S4, S5, and the eoeeygeal, the dorsal 
rami split into lateral and medial branehes as they course posteriorly into the baek. 



Dorsal Rami 

1 Greater oeeipital nerve 

2 Least oeeipital nerve 

3 Dorsal ramus 

4 Medial braneh 

5 Lateral braneh 


Other Structures 

6 Rectus eapitis posterior major muscle 

7 Rectus eapitis posterior minor muscle 

8 Obliquus superioris muscle 

9 Obliquus inferioris muscle 
10 Posterior digastricus muscle 


11 Semispinalis eervieis muscle 

12 Intertransversarii thoraeie muscle 

13 Levatores costarum muscles 

14 External intereostal muscle 

15 External oblique muscle 

16 Internal oblique muscle 



Disseetion of eervieal dorsal rami 

Posterior view 
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Ereetor spinae muscle removed to expose dorsal rami 

Posterior view 
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This next series of pages illiistrates the ventral rami of 

_ the spinal nerves. The ventral rami innervate the 

majority of the skeletal muscles (all hypaxial and limb 
muscles). The eervieal plexus forms from the ventral rami of the first four eervieal spinal nerves. As 
these ventral rami pass laterally between the middle and internal layers of the lateral eervieal body 
wall, they form aseending and deseending branehes that communicate to form the eervieal plexus. 
Emerging from this plexus are the nerves that innervate the muscles of the hypaxial eervieal wall, as 
well as cutaneous branehes that serve the overlying skin of the lateral head, neek and upper thorax. 


Cervical Plexus Nerves 



1 Lesser oeeipital nerve 

2 Great auricular nerve 

3 Transverse cutaneous nerve 

4 Supraclavicular nerve 

5 Phrenie nerve 

6 Ansa eerviealis 

7 Nerve to geniohyoid muscle 

8 Nerve to thyrohyoid muscle 

9 Nerve to superior omohyoid muscle 

10 Nerve to sternohyoid muscle 

11 Nerve to sternothyroid muscle 

12 Nerve to inferior omohyoid muscle 


Other Nerves and Structures 

13 Hypoglossal nerve 

14 Vagus nerve 

15 Superior trunk of braehial plexus 

16 Oommon earotid artery 

17 Oarotid sinus 

18 Internal earotid artery 

19 External earotid artery 

20 Parotid gland 

21 Sternoeleidomastoid muscle 

22 Thyrohyoid muscle 

23 Omohyoid muscle 

24 Sternohyoid muscle 

25 Sternothyroid muscle 

26 Anterior sealene muscle 

27 Middle sealene muscle 

28 Levator scapulae muscle 



Disseetion of eervieal plexus 

Anterior view 
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The braehial plexus arises from the last four eer- 

_ vieal ventral rami and the first thoraeie ventral 

ramus. The four eervieal ventral rami pass later- 
ally between the middle and internal layers of the lateral eervieal body wall, the middle and 
anterior sealene muscles, respeetively. As they emerge through the sealenes, they eonnee- 
tion with with one another as well as with the aseending braneh of the first thoraeie ventral 
ramus. This is the beginning of the nerve plexus that will innervate almost all the rrmseles and 
assoeiated skin of the upper limb. 

13 Long thoraeie nerve 24 Levator scapulae muscle 

14 Medial peetoral nerve 25 Subclavius muscle 

15 Superior trunk 26 Peetoralis minor muscle 

16 Middle trunk 27 Peetoralis major muscle 

17 Inferior trunk 28 Deltoid muscle 

18 Lateral eord 29 Bieeps braehii muscle 

19 Posterior eord 30 Subscapularis muscle 

20 Medial eord 31 Teres major muscle 

32 Latissimus dorsi muscle 


Braehial Plexus Nerves 

1 Dorsal scapular nerve 

2 Suprascapular nerve 

3 Nerve to the subclavius muscle 

4 Lateral peetoral nerve 

5 Upper subscapular nerve 

6 Musculocutaneous nerve 

7 Axillary nerve 

8 Radial nerve 


9 Median nerve Other Nerves and Strucures 33 Serratus anterior muscle 


10 Ulnarnerve 21 Phrenie nerve 34 daviele 

11 Lower subscapular nerve 22 Anterior sealene muscle 

12 Thoraeodorsal nerve 23 Middle sealene muscle 



Disseetion of braehial plexus 

Anterior view 








The lumbar plexus arises from the ventral rami of the first four 

_ lumbar spinal nerves. The plexus emerges laterally through the 

intervertebral foramina to pass anterolateral between the two 
heads of the psoas major muscle. The more superior branehes of the plexus enterthe abdominal body wall to 
innervate the abdominal muscles. The lower nerves of the plexus course into the lower limb as the lateral 
femoral cutaneous 5 femoral, and obturator nerves. The lumbar plexus is a transitory plexus that begins as a 
series of body wall nerves and eventually transitions into limb innervation. The first ventral ramus of the plexus 
is basieally a segmental nerve that follows the basie segmental nerve pattern in the ventral body wall. The 
seeond lumbar ventral ramus forms segmental branehes in the body wall and other branehes that contribute to 
limb innervation. The third and fourth ventral rami contribute solely to innervation of the lower limb anatomy. 
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Liimbar Plexus Nerves 

1 Subcostal nerve 

2 lliohypogastrie nerve 

3 llioinguinal nerve 

4 Genitofemoral nerve 

5 Genital braneh of genitofemoral nerve 


Other Structures 

20 Diaphragm 

21 Psoas major muscle 

22 Psoas minor muscle 

23 Quadratus lumborum muscle 

24 lliacus muscle 


6 Femoral braneh of genitofemoral nerve 25 Obturator externus muscle 


7 Lateral femoral cutaneous nerve 

8 Femoral nerve 

9 Obturator nerve 

10 Lumbosacral trunk 

Saeral Plexus Nerves 

11 Superior gluteal nerve 

12 Inferior gluteal nerve 

13 Posterior femoral cutaneous nerve 

14 Nerve to the obturator internus muscle 

15 Pudendal nerve 

16 Perforating cutaneous nerve 

17 Inferior cluneal nerve 

18 Seiatie nerve 

19 (Jpper bands of saeral plexus 


26 Sartorius muscle 

27 Tensor faseiae latae muscle 

28 Gluteus maximus muscle 

29 Gluteus medius muscle 

30 Gluteus minimis muscle 

31 Piriformis muscle 

32 Superior gemellus muscle 

33 Obturator internus muscle 

34 Inferior gemellus muscle 

35 Sacrotuberous ligament 

36 Penis 


Abdominal disseetion of lumbar 

Anteriorview 



Pelvie disseetion exposing lumbar and saeral plexus 

Anterior view 
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The saeral plexus forms from the ventral rami of the last two 

_ lumbar and the first four saeral spinal nerves. The fourth and 

fifth lumbar spinal nerves form a deseending communication, 
the lumbosacral trunk, that joins with the upper saeral spinal nerves as they exit the anterior foramina 
of the saemrn. On the anterior surface of the saemrn the large roots of the plexus are notieeable 
before they exit through the greater seiatie noteh on their course into the pelvie wall and lower limb. 
This plexus forms the total nerve supply to the pelvie body wall, and, along with the limb branehes from 
the lumbar plexus, is the nerve supply for the lower limb. 





Disseetion of saeral plexus nerves 

Posterior view 





Disseetion of pudendal nerves and vessels 

Lateral view 
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Llnlike the ventral rami in the eervieal, lumbar, and saeral regions, which 

_ form plexuses, most of the thoraeie ventral rami remain segmental like 

their dorsal counterparts. These thoraeie ventral rami, ealled the inter- 
eostal and subcostal nerves, emerge from the spinal nerve trunk and enter the intereostal spaee just inferior to eaeh of the 
twelve ribs. Eaeh of these segmental nerves has a similar structural design. The main trunk of the nerve runs through the 
intereostal spaee, with the segmental arteries and veins, between the middle and internal muscle layers of the body wall. 
Aeeompanying the main braneh is a smaller eollateral braneh, which emerges from the main braneh near the angle of the 
rib, and runs inferior to the main braneh through the intereostal spaee. The main braneh also gives rise to lateral and ante- 
rior cutaneous branehes that supply the skin, or dermatome, of eaeh segment. 


intereostal Nerves 

1 Main trunk 

2 Collateral braneh 

Other Nerves and Structures 

3 Subcostal nerve 

4 lliohypogastrie nerve 

5 Posterior intereostal vein 

6 Posterior intereostal artery 

7 Innermost intereostal muscle 

8 Transversus abdominis muscle 

9 Gluteus medius muscle 

10 Piriformis muscle 

11 llioeostalis muscles 

12 Rib 12 




Disseetion of intereostal spaee 

Lateral view 



220 


Disseetion of intereostal nerves 

Lateral view 






Many small nerves, named cutaneous nerves, braneh from the spinal 
and eranial nerves and course through and between muscles to emerge 
into the integumentary eovering of the body. These detailed disseetions 
reveal all the cutaneous nerves of the body. 
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1 Greater oeeipital nerve 

2 Transverse eervieal nerves 

3 Supraclavicular nerves 

4 Medial cutaneous branehes (dorsal rami) 

5 Lateral cutaneous branehes (dorsal rami) 

6 Anterior cutaneous branehes (ventral rami) 

7 Lateral cutaneous branehes (ventral rami) 
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11 
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8 Superior lateral braehial cutaneous nerves 

9 Posterior braehial cutaneous nerves 

10 Inferior lateral braehial cutaneous nerves 

11 Posterior antebraehial cutaneous nerve 

12 Lateral antebraehial cutaneous nerve 

13 Medial antebraehial cutaneous nerve 

14 Femoral braneh of genitofemoral nerve 

15 Lateral cutaneous braneh of subcostal nerve 

16 Anterior cutaneous braneh of femoral nerve 

17 Lateral femoral cutaneous nerve 

18 Superior cluneal nerves 

19 Inferior cluneal nerve 

20 Posterior femoral cutaneous nerve 

21 Saphenous nerve 

22 Lateral sural cutaneous nerve 
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Disseetions exposing cutaneous nerves 

Anterior view to left, Posterior view to right 
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In eontrast to the somatie branehes of the 

_ spinal nerve, the viseeral branehes leave 

the body wall to form nerve pathways that 
enter the body eavities. Within the eavities these nerves form the autonomic nerve pathways, 
sympathetie and parasympathetie, to the viseera. The autonomic nerves relay input signals from 
the wall of the tubular gut and other viseera, while earrying output signals to smooth muscle, 
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Autonomic Nerves 

Sympathetie trunk nerve 

2 Sympathetie trunk ganglion 

3 White communicating ramus 

4 Gray communicating ramus 

5 Greater splanehnie nerve 

6 Lesser splanehnie nerve 

7 Coeliac ganglion 

8 Superior mesenterie ganglion 

9 Aortieorenal ganglion 

10 Vagus nerve 

11 Recurrent laryngeal nerve 

12 Anterior vagal trunk 

13 Posterior vagal trunk 

14 Inferior eardiae plexus 

15 Pulmonary plexus 

16 Esophageal plexus 


Other Structures 

17 intereostal nerve 

18 Posterior intereostal artery 

19 Posterior intereostal vein 

20 Right superior intereostal vein 

21 Azygous vein 

22 Superior vena eava 

23 Aorta 

24 Celiac trunk 

25 Superior mesenterie artery 

26 Renal artery 

27 Suprarenal gland 

28 Kidney 

29 llreter 

30 Diaphragm 

30 Esophageal hiatus 

32 Subcostal muscle 

33 Innermost intereostal muscle 

34 Internal oblique muscle 

35 Transversus abdominis muscle 

36 Psoas major muscle 

37 Psoas minor muscle 


Deep disseetion of sympathetie nerves, callout of communicating rami 

Anterolateral view 
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eardiae miisele, and glands. Some of the aiitonomie nerves even rejoin the somatie pathways to supply the blood vessels 
and glands of the body wall. The sympathetie pathways are primarily assoeiated with vascular smooth muscle eontrol, and 
the parasympathetie pathways are prineipally responsible for the regulation and eontrol of gut tube smooth muscle and 
glands. The sympathetie nerves are depieted on the opposite page, while the vagus nerve, which earries 75% of the para- 
sympathetie output, is shown below as it follows the derivatives of the gut tube. 
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Thoraeie disseetion revealing vagus nerve 


Anterior view 


38 Thyroid gland 

39 Traehea 

40 Prineipal bronchus 

41 Lobar bronchus 

42 Segmental bronchus 

43 Esophagus 

44 Lung 

45 Right eommon earotid artery 

46 Left eommon earotid artery 

47 Right subclavian artery 

48 Left subclavian artery 

49 Braehioeephalie artery 

50 Pulmonary arteries 

51 Pulmonary veins 

52 Inferior vena eava 

53 Cricothyroid muscle 

54 Anterior sealene muscle 

55 Ligamentum arteriosum 
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Deeper thoraeie disseetion revealing vagus nerve 

Anterior view 
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Cranial nerves segregate into three distinet groups based 

_ on assoeiations they form during development. In number 

there are twelve eranial nerves, which originate in pairs 
from a rostral to caudal sequence from the brain. The first eategory, the speeial sensory eranial 
nerves, are afferent pathways established between the the brain and the speeial sensory structures 
of the nose, eye, and ear. The seeond eategory, the ventral or somitie motor eranial nerves, are 
homologous with the ventral roots of the spinal nerves. They originate from the brainstem as efferent 
pathways to somitie skeletal muscles within the head. The final eategory, eomprising the largest of the 


Speeial Sensory Nerves 

1 Olfaetory nerve 

2 Optie nerve 

3 Vestibulocochlear nerve 



Somitie Motor Nerves 

4 Occulomotor nerve 

5 Troehlear nerve 

6 Abducens nerve 

7 Hypoglossal nerve 
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Pharyngeal Areh Nerves 

8 Trigeminal nerve 

9 Trigeminal ganglion 

10 Opthalmie braneh 

11 Maxillary braneh 

12 Mandibular braneh 

13 Faeial nerve 

14 Glossopharyngeal nerve 

15 Vagus nerve 

16 Aeeessory nerve 

Other Structures 

17 Olfaetory bulb 

18 Optieehiasm 

19 Optietraet 

20 lnfundibulum 

21 Mammillary bodies 

22 Oerebral peduncle 

23 Pons 

24 Cerebellum 

25 Medulla oblongata 

26 Spinal eord 

27 Frontal lobe 

28 Temporal lobe 

29 lnsular lobe 

30 Parietal lobe 

31 Oeeipital lobe 

32 Right lateral ventriele 

33 Choroid plexus 

34 Falx eerebri 

35 Falx eerebelli 

36 Straight sinus 

37 Superior sagittal sinus 

38 Corpora quadrigemina 

39 Pineal gland 

40 Third ventriele 

41 Fourth ventriele 

42 Geniculate ganglion 

43 Anterior eerebral artery 

44 Internal earotid artery 

45 Levator palpebrae superioris muscle 

46 Superior rectus muscle 

47 Lateral rectus muscle 

48 Superior oblique muscle 

49 Nasoeiliary nerve 

50 Long eiliary nerve 

51 Oiliary ganglion 

52 Eye 
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Base of brain with eranial nerves 

Inferior view 





eranial nerves, are those eranial nerves assoeiated with the pharyngeal arehes. The dorsal or 
pharyngeal areh eranial nerves are developmentally similar to the dorsal roots of the spinal 
nerves. These five dorsal eranial nerves form the general sensory afferent pathways from the 
peripheral tissues of the head. However, because these nerve pathways coursed through the 
speeialized arehes forming the pharyngeal wall of the foregut, they established parasympa- 
thetie efferent pathways to the glandular tissue of the gut wall, along with motor efferent path- 
ways to the skeletal muscles derived from the pharyngeal areh tissues. 




intraeranial disseetion of eranial nerves 

Posterolateral view 








Cranial nerves V and VII, the trigeminal and fa- 

_ eial nerves respeetively, have the most extensive 

distribution to the tissues of the head. This page 
and the three pages that follovv depiet the peripheral distribution of many of the branehes of 
the trigeminal and faeial nerves. 



Trigeminal Nerve 

1 Auriculotemporal nerve 

2 Supraorbital nerve 

3 Infraorbital nerve 

4 Mental nerve 

5 Maxillary braneh 

6 Nerve of the pterygoid eanal 

7 Pterygopalatine ganglion 

8 Nasopalatine nerve (cut) 


9 Superior posterior lateral nasal braneh 

10 Inferior posterior lateral nasal braneh 

11 Pharyngeal braneh 

12 Lesser palatine nerve 

13 Greater palatine nerve 

Faeial Nerve 

14 Temporal branehes 

15 Zygomatie branehes 


16 Buccal branehes 

m 

17 Mandibular branehes 

18 Cervical braneh 

Other Nerves and Structures 

19 Greater oeeipital nerve 

20 Lesser oeeipital nerve 

21 Great auricular nerve 

22 Auricularis posterior muscle 



Disseetion of head exposing branehes of the faeial nerve 

Lateral view 
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23 Oeeipital belly of epieraniiis muscle 

32 Masseter muscle 

41 Septum pellucidum 

50 Pituitary gland 

24 Galia aponeurotica 

33 Posterior digastricus muscle 

42 Thalamus 

51 Torus tubarius 

25 Frontal belly of epicranius muscle 

34 Parotid duct 

43 Midbrain 

52 Maxillary sinus 

26 Temporal faseia 

35 External earotid artery 

44 Pons 

53 Middle nasal eoneha 

27 Temporalis muscle 

36 Submandibular gland 

45 Cerebellum 

54 Inferior nasal eoneha 

28 Orbicularis oculi muscle 

37 Frontal sinus 

46 Fourth ventriele 

55 Hard palate 

29 Zygomaticus major muscle 

38 Cerebrum 

47 Choroid plexus 

56 Soft palate 

30 Risorius muscle 

39 Falx eerebri 

48 Medulla oblongata 

57 Uvula 

31 Buccinator muscle 

40 Corpus callosum 

49 Spinal eord 

58 Tongue 



Parasagittal seetion and disseetion of head exposing branehes of the trigeminal and faeial nerve 


Medial view 
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1 Nerve to temporalis miisele 

2 Biieeal nerve 

3 Middle superior alveolar nerve 

4 Posterior superior alveolar nerve 

5 Lingual nerve 

6 Chorda tympani nerve 


7 Inferior alveolar nerve 

8 Nerve to mylohyoid muscle 

9 Pterygopalatine ganglion 

10 Infraorbital nerve 

11 Hypoglossal nerve 

12 Submandibular ganglion 


13 Superior laryngeal nerve 

Other Structures 

14 Orbicularis oculi muscle 

15 Temporal faseia 

16 Temporalis muscle 



Disseetion of head exposing branehes of the trigeminal nerve 

Lateral view 
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17 Lateral pterygoid muscle 

18 Medial pterygoid muscle 

19 Buccinator muscle 

20 Posterior digastricus muscle 

21 Anterior digastricus muscle 

22 Sternoeleidomastoid muscle 

23 Thyrohyoid muscle 


24 Omohyoid muscle 

25 Styloglossus muscle 

26 Stylohyoid muscle 

27 Geniohyoid muscle 

28 Mylohyoid muscle 

29 Superior pharyngeal eonstrietor 

30 Inferior pharyngeal eonstrietor 


31 Internal jugular vein 

32 Common earotid artery 

33 Dura mater 

34 Cerebrum 

35 External acoustic meatus 

36 Tongue 




Disseetion of head with mandible removed 

Lateral view 











Sensory reeeptors are the transducers of the nervous system; that is, 

_ they eonvert the different types of energy we experience such as 

meehanieal energy (touch, pressure, sound waves, ete.), thermal 
energy (heat), ehemieal energy (taste, smell), and eleetromagnetie energy (light) into the eleetrieal energy of the nervous 
impulse. They do this by faeilitating the depolarization of the peripheral terminals of the sensory neurons. This initiates the 
nervous impulse along the sensory neuron, and this input is earried by the sensory neuron to the proeessing eenters of the 
brain and spinal eord, which will be the topie of the next ehapter. 


1 Epidermis 

2 Corpuscle of touch (Meissner’s) 

3 Dermis 

4 Dermal papilla 

5 Neuron 

6 Lamellated corpuscle 

7 Taste bud 

8 Taste pore 

9 Gustatory hair 

10 Gustatory reeeptor eell 

11 Supporting eell 

12 Basal eell 




Photomierograph of corpuscle of touch 


200x 


Photomierograph of lamellated corpuscle 


100x 
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Photomierographs of taste bud 

200x (left), 700x (right) 






















While the neuronal circuitry of 


the eentral nervous system is awe inspiring to say the least, the basie 


eoneepts behind this complex integration and eontrol eenter have a 


simple design. At its simplest, the fundamental design of the eentral 


nervous system involves two features: gray matter and white matter. 


The gray matter eenters represent the synaptie integration and eon- 


trol circuits; that is, these eenters eontain numerous highly den- 


dritie interneurons along with the eell bodies of efferent neurons 


and axon terminals of ineoming afferent neurons, all forming a 


myriad of synaptie circuits. In these gray eenters input is integrat- 


ed, eompared, sensed, and stored to give rise to eoordinated, eon- 


trolled output. The white matter, on the other hand, represents 


conduction traets between the synaptie gray eenters. These white 


traets eonsist mainly of the myelinated axons of interneurons 


relaying signals from one gray eenter to another. 


A seeond simple eoneept to keep in mind is that the eom- 


plexity of the eentral nervous system inereases from a caudal to 


eranial direetion. There is logie to this pattern because in the 


spinal eord the gray eenters primarily function as integration 


networks that regulate input and output for their speeifie spinal 


nerve levels. In other words, they are segmental eontrol eenters. 


Input entering a spinal nerve level initiates reflexive output baek 


to the peripheral tissues at that same spinal level. Connecting 


these segmental gray eenters via interneuronal traets leads to 


greater assoeiation between neighboring levels, therefore im- 


proving integration and eontrol. If one segmental gray eenter 


ean relay information reeeived from its eenter to neighboring 


eenters, then there ean be a greater spread of eontrol generated in 


response to loeal segmental input. Now take this a step further by 


relaying information via white traets from eaeh of the segmental 


eontrol eenters to higher eenters. These higher eenters reeeive in- 


put from all the lower segmental eenters, integrating the input to 


gain a full body perspeetive, while generating the neeessary output 


signals to exert eoordinated full body eontrol. Because of this added 


circuitry the eranial or brain end of the eentral nervous system in- 
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ereases in size. This additive accumulation of intereonneeted gray een- 


ters accounts for the structure of the brain and its amazing functional 


properties. 


Because much of the eentral nervous system circuitry is of a more mi- 


eroseopie nature and beyond the seope of this book. In this ehapter we at- 


tempt to depiet the basie gross anatomy of the eentral nervous system and its 


proteetive eoverings. 



Find more information 


about the eentral nervons 



system in 
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Extending from the brainstem is a long slender rod of nerve tissue, the spinal eord. The 

_ eord exits the foramen magnum of the skull and deseends within the vertebral eanal of 

the boney vertebral column. It is about 45 em long (18 inehes) and ends between the first 
and seeond lumbar vertebrae. Although there are some slight regional variations, the eross-seetional anatomy of the spinal 
eord is generally the same throughout its length. The gray matter of the spinal eord forms a butterfly-shaped region in the 
eenter of the eord that is surrounded by the white matter. As is the theme throughout the eentral nervous system, gray mat- 
ter eonsists primarily of neuronal eell bodies and their dendrites, short interneurons, and glial eells. The white matter is or- 
ganized into traets, which are bundles of myelinated nerve fibers (axons of long interneurons and sensory neurons) that 
communicate between the gray circuit eenters at all levels of the spinal eord and brain. 

Eaeh side of the H-shaped gray matter of the spinal eord has a dorsal horn and a ventral horn sandwiching an in- 
termediate gray region. Entering the dorsal horns from the dorsal rootlets are the axons of the afferent neurons, which 
synapse with small interneuron pools to form segmental integration eenters for that level of the body. The dorsal horn and 
intermediate gray matter eontain numerous small interneurons. The intermediate gray also eontains, at eertain levels, the 
preganglionie efferent neurons of the autonomic output. The ventral horns are primarily populated by the efferent neurons 
to the skeletal muscles of their respeetive spinal levels. The white matter traets are grouped into columns of myelinated 
axons that extend the length of the eord. Eaeh of these traets begins or ends within a particular area of the eord and brain, 
and eaeh is speeifie in the type of information that it transmits. Some are aseending traets that earry signals derived from 
sensory input. For example, one traet earries information derived from pain and temperature reeeptors, whereas another 
earries information regarding touch. Other traets are deseending traets that relay messages from the brain to motor neurons 
in the ventral horn. 

Both the white and gray matter exhibit regional differenees throughout the length of the spinal eord. There is rela- 

tively more white matter at the eranial end of the spinal eord than at the caudal end. Notiee that the gray matter, espeeially 

the ventral horn, is the largest at lower eervieal levels and at lower lumbar-upper saeral levels. These levels eorrespond to 
upper and lower limb anatomy respeetively, where large amounts of muscle tissue require motor innervtion from the ventral 
horn motor neuron pools. 

1 Dorsal horn of gray matter 7 Oentral eanal 13 Conus medullaris 

2 Lateral horn of gray matter 8 Dorsolateral fasciculus 14 Cauda equina 

3 Ventral horn of gray matter 9 Dorsal root of spinal nerve 15 Dorsal rami of spinal nerve 

4 Posterior funiculus of vvhite matter 10 Dorsal root ganglion 16 Cerebrum 

5 Lateral funiculus of white matter 11 Ventral root of spinal nerve 17 Cerebellum 

6 Anterior funiculus of white matter 12 Spinal eord 18 First lumbar vertebra 



Photomierograph of spinal eord 

50x 
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Disseetion of vertebral column and skull revealing brain and spinal eord 

Posterior view, with call-out of terminal end of eord 
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The brain is the large, anterior-expansion of the neural tube situated within the cranium. Rapid development of 

_ the rostral e nd of the neural tube forms three expanded regions — the proseneephalon, meseneephalon, 

and rhombeneephalon. The proseneephalon undergoes further development to form the teleneephalon 
and dieneephalon, and the rhombeneephalon continues to develop to form a meteneephalon and myeleneephalon. These 
five embryonie regions give rise to the brain. The teleneephalon beeomes the eerebmm, the dieneephalon beeomes the 
thalamie regions, the meseneephalon beeomes the midbrain, the meteneephalon beeomes the cerebellum and pons, and the 
myeleneephalon beeomes the medulla oblongata. A variety of views of the full brain are depieted on this and the faeing page. 


1 Spinal eord 

2 Medulla oblongata 

3 Pons 

4 Cerebellum 

5 Midbrain 

6 Dieneephalon 

7 Frontal lobe of cerebrum 

8 Parietal lobe of cerebrum 


9 Oeeipital lobe of cerebrum 

10 Temporal lobe of cerebrum 

11 Longitudinal fissure 

12 Transverse fissure 

13 Lateral eerebral sulcus 

14 Anterior median fissure 

15 Gyrus 

16 Sulcus 


17 Central sulcus 

18 Preeentral gyrus 

19 Posteentral gyrus 

20 Preeentral sulcus 

21 Posteentral sulcus 

22 Inferior frontal gyrus 

23 Superior temporal gyrus 



Brain 

Lateral view 
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As the spinal eord aseends through the foramen magnum to enter the skull, the 

_ eranial eentral nervous system gradually expands in size to form the large eentral 

proeessing circuitry we eall the brain. The inereasing size of the brain results from 
the addition of more and more gray proeessing eenters to the basie eord-like brain stem. The caudal part of the brain, ealled 
the brain stem, eonsists of the medulla oblongata, pons, and midbrain. Though all of these structural regions exhibit their 
own speeializations, they have eertain fiber traets in eommon and all have nuclei for the eranial nerves. Added to the brain 
stem are the more rostral portions of the brain — the cerebellum, dieneephalon, and eerebral hemispheres. These large proeess- 
ing eenters greatly inerease the size of the brain. The images on the faeing page show the prineipal parts of the brain. 


1 Spinal eord 

2 Medulla oblongata 

3 Pons 

4 Cerebellum 

5 Fourth ventriele 

6 Midbrain 

7 Inferior colliculus 


8 Superior colliculus 

9 Thalamus of dieneephalon 

10 Hypothalamus of dieneephalon 

11 interthalamie adhesion 

12 Pineal gland 

13 Mammillary body 

14 Optietraet 


15 Frontal lobe of cerebrum 

16 Parietal lobe of cerebrum 

17 Oeeipital lobe of cerebrum 

18 Temporal lobe of cerebrum 

19 Corpus callosum 

20 Lateral ventriele 

21 Fornix 



Sagittal seetion of the brain 

Medial view 
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Mediilla oblongata Pons 



Midbraín Cerebellum 



Dieneephalon - epithalamus, thalamus, hypothalamus 


Cerebrum 
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The eerebmm, by farthe largest part of the human brain, eonsists of the eerebral hemispheres 

_ and the basal nuclei. The large, obvious eerebmm is divided into two halves, the right and left 

eerebral hemispheres. Eaeh eerebral hemisphere has an outer layer of gray matter, the eere- 
bral cortex, eovering deeper networks of intereonneeting white traets that eonneet different areas of the cortex with one 
another and with lower brain eenters. The amount of cortex is greatly inereased by a complexfolding of the eerebral surface. 
The folds produce hills, gyri (singular gyms), and depressions, sulci (singular sulcus). This eortieal surface forms the highest 
level of proeessing circuitry in the brain. The two hemispheres are eonneeted to eaeh other by the corpus callosum, a thiek 
band eonsisting of an estimated 300 million neuronal axons traversing between the two hemispheres. Loeated deep within 
the eerebmm is another region of gray matter, the basal nuclei, which form key integration eenters between the cortex and 
lower brain eenters. 


1 

Central sulcus 

8 Calcarine sulcus 

15 

Short gyri 

2 

Preeentral gyrus 

9 Superior temporal gyrus 

16 

Long gyrus 

3 

Posteentral gyrus 

10 Middle temporal gyrus 

17 

Limen 

4 

Preeentral sulcus 

11 Inferior temporal gyrus 

18 

Pons 

5 

Posteentral sulcus 

12 Inferior frontal gyrus 

19 

Cerebellum 

6 

Parieto-oeeipital sulcus 

13 Middle frontal gyrus 

20 

Medulla oblongata 

7 

Transverse oeeipital sulcus 

14 Superior frontal gyrus 

21 

Spinal eord 



Brain disseetion revealing insular lobe 

Lateral view 
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Frontal lobe 


Parietal lobe 



Oeeipital lobe Temporal lobe 



lnsular lobe 
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Immediately above the medulla oblongata the eentral nervous system expands dorsally 

_ to form the cerebellum, which means little brain. The cerebellum, like the eerebmm, has 

a highly folded surface that greatly inereases the surface area of its outer gray matter 
cortex. It is estimated that the cerebellum has in the neighborhood of 10 billion neurons, which have a variety of functional 
roles. The cerebellum proeesses input reeeived from the eerebral cortex, various brain stem nuclei, and peripheral sensory 
reeeptors to smooth and eoordinate complex, skilled movements. It plays an important role in posture and balanee and 
functions in eognition and language proeessing. 


1 Folia of eerebelliinn 

2 Anterior lobe of eerebelliim 

3 Posterior lobe of eerebelliim 

4 Superior vermis 

5 Inferior vermis 

6 Postlunate fissure 

7 Posterior eerebellar noteh 

8 Tonsil 

9 Quadrangular lobe of anterior 


10 Primary fissure 

11 Flocculus 

12 Lingula 

13 Oentral lobule 

14 Culmen 

15 Deelive 

16 Folium 

17 Tuber 

18 Pyramid 


19 Uvula 

20 Nodulus 

21 Midbrain 

22 Superior medullary velum 

23 Fourth ventriele 

24 Median aperture 

25 Cerebral aqueduct 

26 Pons 

27 Medulla oblongata 



Cerebellum 

Posterior view 
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Cerebellum 

Lateral view 


Sagittal seetion of cerebellum 

Medial view 
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The dieneephalon, rostral to the midbrain 

_ and almost eompletely surrounded by the 

eerebral hemispheres, eonsists of four 
major parts — the thalamus, subthalamus, epithalamus, and hypothalamus. Projeeting from the hypothalamus is the 
hypophysis, or pituitary gland. The brainstem eonsists of the medulla oblongata, pons, and midbrain. The medulla resembles the 
spinal eord in many ways. Like the eord it gives rise to many nerve roots; however, these are the roots of eranial nerves 
rather than spinal nerves. The pons is the bridge between the two eerebellar hemispheres. The ventral portion of the pons 
forms a large synaptie relay station eonsisting of seattered gray eenters ealled the pontine nuclei. The dorsal portion of the 
pons is more like the other regions of the brainstem, the medulla and midbrain. The midbrain sits just above the pons and 
is obscured by the large, overlapping eerebral hemispheres. It eontains nuclei for eranial nerves III and IV, as well as 
aseending and deseending fiber traets from the eerebmm. 


1 lnfundibulum 

2 Anterior perforated substance 

3 Tuber cinereum 

4 Mammillary body 

5 Posterior perforated substance 

6 Pulvinar of thalamus 

7 Pineal gland 

8 Superior colliculus 

9 Inferior colliculus 

10 Medial geniculate ganglion 

11 Pons 

12 Superior eerebellar peduncle 

13 Middle eerebellar peduncle 

14 Inferior eerebellar peduncle 


15 Medial eminenee 

16 Faeial colliculus 

17 Locus ceruleus 

18 Trigeminal tubercle 

19 Hypoglossal tubercle 

20 Vestibular area 

21 Sulcus limitans 

22 Lateral reeess 

23 Obex 

24 Olive 

25 Pyramid 

26 Third ventriele 

27 Fourth ventriele 

28 Oerebral crus 


29 Superior medullary vellum 

30 Flocculus of cerebellum 

31 Caudate nucleus 

32 Optie traet 

33 Optie ehiasm 

34 Optie nerve 

35 Oculomotor nerve 

36 Troehlear nerve 
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33 
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37 Abducens nerve 

38 Trigeminal nerve 

39 Faeial nerve 

40 Vestibulocochlear nerve 

41 Glossopharyngeal nerve 

42 Vagus nerve 

43 Aeeessory nerve 

44 Hypoglossal nerve 





Brainstem 

Ventral view 


Brainstem 

Posterior view 
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The brain seetions on this and the follovving page depiet aspeets of brain anatomy 

_ that are not evident on the external vievvs of the brain, and the assoeiation of the 

brain vvith surrounding structures of the head. Eaeh seetion is approximately 2 
eentimeters thiek and is an anterior vievv of three seetions in succession. The first seetion begins at the anterior aspeet of 
the ear and the last seetion is just posterior to the ear. 


1 Frontal lobe 

2 Parietal lobe 

3 Temporal lobe 

4 lnsular lobe 

5 Lateral ventriele 

6 Third ventriele 

7 Oerebral aqueduct 

8 Fourth ventriele 

9 Septum pellucidum 

10 Falx eerebri 

11 Tentorium eerebelli 

12 Anterior lobe of cerebellum 

13 Posterior lobe of cerebellum 


14 Flocculus 

15 Superior vermis 

16 Superior eerebellar peduncle 

17 Oerebral peduncle 

18 Pituitary gland 

19 Pons 

20 Olive 

21 Corpus callosum 

22 Caudate nucleus 

23 Internal capsule 

24 Putamen 

25 External capsule 

26 Body of fornix 


27 Globus pallidus 

28 Medial thalamie nucleus 

29 Lateral thalamie nucleus 

30 Dentate gyrus 

31 Circular gyrus 

32 Optie ehiasm 

33 Faeial nerve 

34 Vestibulocochlear nerve 

35 Vertebral artery 

36 Middle eerebral artery 

37 Internal earotid artery 

38 Anterior eerebral artery 

39 Superior sagittal sinus 


40 Sigmoid sinus 

41 Internal jugular vein 

42 Tympanie eavity 

43 Cochlea 

44 Sphenoid sinus 

45 Mastoid air eells 

46 Mandibular eondyle 

47 Oeeipital eondyle 

48 Atlas 

49 Axis 

50 Lateral pterygoid muscle 

51 Medial pterygoid muscle 

52 Sternoeleidomastoid muscle 



Frontal seetion of head at anterior aspeet of auricle 

Anterior view 
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Frontal seetion of head just postrior to auricle 

Anterior view 
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Developmentally the entire eentral nervous system forms from the 

_ hollovv neural tube. As development proeeeds and the vvall of the 

neural tube beeomes inereasingly thieker, the hollovv lumen of the tube 
undergoes ehanges in relative size and shape throughout different regions of the ehanging eentral nervous system. As a 
result of this developmental history, there remains a hollovv intereonneeted eenter throughout the entire eentral nervous 
system. This hollovv eore forms the ventricular system. Beginning vvithin the eerebral hemispheres are the large paired lateral 
ventrieles. Eaeh lateral ventriele has a C-shape like its eorresponding hemisphere. The lateral ventrieles communicate via 
the interventricular foramina vvith a midline eavity, the third ventriele. The third ventriele sits vvithin the eore of the dieneeph- 
alon vvhere the right and left thalamus form its lateral vvalls. From the third ventriele a narrovv ehannel, the aqueduct of the 
midbrain or eerebral aqueduct, passes through the eore of the midbrain. This narrovv ehannel expands in the region of the 
pons and cerebellum to form the fourth ventriele. The fourth ventriele tapers through the medulla to enter the spinal eord as 
the eentral eanal. Within the four ventrieles of the brain convoluted aggregations of eapillaries, ealled a ehoroid plexus, proj- 
eet into the eavity of the ventriele. These eapillary projeetions are the prineipal site for the production of eerebrospinal fluid. 



Sagittal seetion of braining revealing the ventricular system 

Medial view, arrows show path of eerebrospinal fluid 
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1 Lateral ventriele 

2 lnterventricular foramen 

3 Third ventriele 

4 Cerebral aqueduct 

5 Fourth ventriele 

6 Median aperture 

7 Choroid plexus 

8 Corpus callosum 


9 Caudate nucleus 

10 Septum pellucidum 

11 Fornix 

12 Frontal lobe 

13 Parietal lobe 

14 Oeeipital lobe 

15 Temporal lobe 

16 Cingulate gyrus 


17 Hypothalamus 

18 Thalamus 

19 Pineal gland 

20 Midbrain 

21 Superior colliculus 

22 Inferior colliculus 

23 Pons 

24 Medulla oblongata 


25 Cerebellum 

26 Falx eerebri 

27 Internal earotid artery 

28 Middle eerebellar peduncle 

29 Troehlear nerve 

30 Vestibulocochlear nerve 

31 Vagus nerve 

32 Aeeessory nerve 



Floor of lateral ventríeles 

Superior view 


Roof of lateral ventríeles 

Inferior view 



Fourth ventríele 

Posterolateral view 
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VVithin the eraniiim and vertebral column, the meninges form a proteetive eneasement for the 

_ tissue of the brain and spinal eord. There are three meningeal membranes, the tough outer 

eonneetive tissue pachymenix, the dura mater, and the epithelial inner leptomeninges, the 
araehnoid mater and pia mater. Between the leptomeningeal layers there is a fluid eompartment ealled the subarachnoid 
spaee. Cerebrospinal fluid, seereted from the ehoroid plexuses of the ventrieles, exits the ventrieles to fill this eompartment. 
The eerebrospinal fluid forms a hydraulic shoek absorber and suspension system for the brain and spinal eord. In addition 
to proteeting the eentral nervous system, the meninges support many of the blood vessels that are assoeiated with the brain. 
VVithin the cranium the subdivisions of the dura mater split to form large venous ehannels, the dural venous sinuses, which 
drain all the tissues of the eranial vault, and these splits also form strong, fibrous septa that separate different parts of the brain. 





Dura removed to expose leptomeninges 

Posterior view 


Disseetion of eranial and spinal dura mater 

Posterior view 


246 






1 Cranial dura mater 

2 Spinal dura mater 

3 Dural venous sinus 

4 Oranial leptomeninges - araehnoid is superficial to and eovering pia mater 

5 Spinal leptomeninges - araehnoid is superficial to and eovering pia mater 

6 Middle meningeal artery and branehes in dura mater 

7 Superficial middle eerebral vein and tributaries in subarachnoid spaee 



Diiral sae (above), Leptomeninges (below) 

Lateral views 
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1 Falx eerebri 

2 Tentorium eerebelli (cut) 

3 Superior sagittal sinus 

4 Straight sinus 

5 Transverse sinus 


6 Lateral ventriele 

7 Septum pellucidum 

8 Third ventriele 

9 Fourth ventriele 
10 Cerebrum 


11 Cerebellum 

12 Corpus callosum 

13 Choroid plexus 

14 Optieehiasm 

15 Trigeminal nerve 
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Head frontal seetion revealing dural septa 




Anterior view 
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Disseetion of cranium 

Superoposterior view 
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Disseetion of cranium 

Superoposterior view 









Endoerine System 






Like the nervous 

system, the endoerine system is a eontrol system within the 
body. The nervous system administers its eontrol over the 
body tissues via long wirelike eells that originate form 
complex circuits in the eentral nervous system. This 
circuitry reeeives sensory input, proeesses this input, 
and generates regulatory output. Endoerine eontrol 
works in a much different fashion. The endoerine 
system eonsists of a mimber of different glands 
that ffmetion like radio transmitting stations. 
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Just as different radio stations send radio 
signals of different wavelengths into the air, 
endoerine glands distribute different types of 
small molecules ealled hormones throughout 
the body via the circulatory system. These 
small molecules travel through the blood 
stream and are deteeted by effeetor organs in 
different parts of the body, much like radio 
waves are deteeted by radios in different 
parts of a eity. Effeetor organs have reeeptor 
sites that are speeifie to speeifie hormones. j 

This results in a “loek and key ’ function at the 
effeetor eell. When the hormone binds to the 
reeeptor site, it initiates a regulatory effeet on 
the eell. 

Because the hormones are distributed by the 
circulatory system, the speed of endoerine 
regulation is slower than that of nervous regula- Á 
tion, many minutes eompared to milliseeonds. 4 
Also, because of the distribution of the hormones 
via the circulatory system, endoerine effeets ean 
be experienced anywhere there are eells with the 
appropriate reeeptor site. In eomparison to the 
nervous system, endoerine distribution is potentially 
very widespread. Because the hormone ean loek into 
the reeeptor site and not be degraded instantly, the 
duration ean be longer lasting than that initiated by a single 
nervous impulse. 
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Find more information 
abont the endoerine 


system in 
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The hypothalamiis occupies the area of the brain 

_ between the third ventriele and the subthalamus. It is 

a major interseetion between the thalamus, eerebral 
cortex, and aseending fiber systems from the spinal eord and brainstem. It is the eontrol eenter 
of the autonomic nervous system and regulates the function of numerous endoerine glands. The 
posterior pituitary gland, or neurohypophysis, is an outgrowth of the hypothalamus. Many 
faetors influence the hypothalamus and dietate its eontrolling influence over tissues in the body. 
These faetors include the nervous input that enters it, temperature, osmotie pressure, and levels 
of hormones in the circulating blood that pass through its eapillaries. 



1 Hypothalamiis 

2 Pineal gland 

3 Frontal lobe of cerebrum 

4 Parietal lobe of cerebrum 

5 Oeeipital lobe of cerebrum 

6 Temporal lobe of cerebrum 

7 Corpus callosum 

8 Thalamus 


9 Midbrain 

10 Pons 

11 Cerebellum 

12 Medulla oblongata 

13 Lateral ventriele 

14 Fourth ventriele 

15 Mammilary body 

16 Spinal eord 



Sagittal seetion of brain 

Medial view 
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The pituitary gland, or hypophysis, “hangs” from the base 

_ of the brain via a eonneeting stalk, the infundibulum, 

which eonneets it to the hypothalamus. The infundibulum 
eontains numerous nerve fibers that relay from the hypothalamus to the posterior portion of the pituitary 
gland. In addition to this nervous pathway between the hypothalamus and the pituitary, numerous 
small blood vessels pass between the two organs. The pituitary gland has two anatomieally and func- 
tionally distinet lobes, the neurohypophysis (posterior lobe) and the adenohypophysis (anterior lobe). 
The posterior lobe arises as an outgrowth of the embryonie brain. It is eomposed of nervous tissue and 
forms a neural link with the hypothalamus through the infundibulum. The anterior lobe arises from the 
epithelial lining of the embryonie pharynx. It eonsists of glandular epithelial tissue and forms a vascular 
link with the hypothalamus via the small blood vessels that pass between the two regions. 
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6 

7 
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12 

13 

14 

15 

16 

17 

18 

19 
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21 
22 
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Pituitary gland 

lnfundibulum 

Adenohypophysis 

Neurohypophysis 

Parenehyma eonsisting of 

aeidophils, basophils, and 

ehromophobes 

Capillary with red blood eells 

Parenehyma eonsisting of 

axons and pituicytes 

Hypothalamus 

Cerebrum 

Falx eerebri 

Midbrain 

Pons 

Cerebellum 
Medulla oblongata 
Spinal eord 
Nasal septum 
Soft palate 
Tongue 
Epiglottis 
Atlas 
Axis 

Intervertebral dise 
Sphenoid sinus 
Oeeipital bone 


Photomierograph of anterior pituitary 





osterior pituitary 


Sagittal seetion of head and neek with enlarged callout of pituitary gland 

Medial view 
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The pineal gland, a small reddish-gray body eovered with pia 

_ mater, is a midline epithelial outgrowth of the embryonie mid- 

brain positioned in a depression between the two superior 
colliculi on the midbrain’s dorsal surface. The distal end of this outgrowth beeomes a small mass of 
seeretory eells that resemble the shape of a pine eone. It is from this appearanee that it derives its 
name. The pia mater sends septa into the pineal gland that divide it into eords of seeretory eells that 
are intermingled with numerous blood eapillaries. The seeretory eells of the pineal gland, ealled pine- 
aloeytes, have arm-like proeesses that eontaet both neighboring eapillaries and the ependymal eells 
that line the third ventriele. Hormonal seeretions produced in the body of the eell are moved through the 
arm-like proeesses where they are released by exocytosis into the eapillaries and eerebrospinal fluid. 
Projeeting into these eords of tissue are sympathetie postganglionie neurons from the superior eervieal 
sympathetieganglion. The gland plays a role in integrating photoperiod and affeeting eireadian rhythms. 



1 Pineal gland 

2 Adenohypophysis 

3 Neurohypophysis 

4 Thalamus 

5 Superior colliculi 

6 Inferior colliculi 

7 Medial geniculate nucleus 

8 Oerebral peduncle 

9 Medulla oblongata 

10 Falx eerebri 

11 Corpus callosum 

12 Pons 

13 Cerebellum 

14 Sphenoid sinus 

15 Oeeipital bone 

16 Atlas 

17 Axis 

18 Soft palate 

19 Nasopharynx 

20 Tongue 

21 Middle eerebellar 

peduncle / 

22 Fourth ventriele 
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Sagittal seetion of brainstem and dieneephalon in situ 

Medial view 



Disseetion of brainstem and dieneephalon 

Posterior view 
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The thymiis is one of the primary lymphoid organs, but it also has an 

_ endoerine eomponent. The thymus provides the speeialized environ- 

ment for the precursor T eells to develop, differentiate, and undergo 
elonal expansion. This bilobed organ sits just posterior to the superior sternum along the 
midline. It spans from the top of the sternum, sometimes even projeeting into the inferior eervieal 
region, to the level of the fourth eostal eartilages and sits anterior to the top of the heart and its 
great vessels. It has an outer fibrous capsule that sends fibrous septa, eonneetive tissue walls, 
into the organ forming small lobular subregions. The thymus was onee thought to diminish in 
size with age, but in actuality it does not. Because of its high eontent of lymphoid tissue and a 
rieh blood supply, it has a reddish appearanee in a living body. With age, however, fatty infiltra- 
tions replaee the lymphoid tissue and it takes on more of the yellowish eolor of the invading fat. 
This gives it the false appearanee of a reduction in size. The thymus produces hormones that 
promote the maturation of T eells and may help retard the aging proeess. 



Photomierograph of thymus 

400x 
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The thyroid gland is a bilobed organ positioned in the anterior 
neek. This highly vascular organ eonsists of two lateral lobes of 
endoerine tissue joined in the middle by a narrow portion of the 
gland ealled the isthmus. It is red-brown in eolor and is enveloped by a thin layer of eonneetive tissue. This 
eonneetive tissue capsule sends extensions into the gland that divide the vascular and epithelial eore into 
masses of irregular shape and size. The epithelial eells within the eompartments of the thyroid gland form 
the seeretory tissues of the organ. The major thyroid seeretory eells are arranged into hollow spheres, 
eaeh of which forms a functional unit ealled a folliele. In a mieroseopie seetion the follieles appear as rings 
of follicular eells enelosing an inner lumen filled with eolloid, a substance that serves as an extracellular 
storage site for thyroid hormones. Interspersed in the interstitial spaees between the follieles are other 
seeretory eells, the C eells, so ealled because they seerete the peptide hormone ealeitonin. 
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1 Right lobe of thyroid gland 

2 Left lobe of thyroid gland 

3 lsthmus of thyroid gland 

4 Thyroid folliele 

5 Follicular eell 

6 Thyroglobulin (TGB) 

7 Parafollicular (C) eell 

8 Traehea 

9 Fibromuscular membrane of traehea 

10 Esophagus 

11 Thyroid eartilage 

12 Cricoid eartilage 

13 Cricothyroid muscle 

14 Braehioeephalie artery 

15 Common earotid artery 

16 Subclavian artery 

17 Aortie areh M 

18 Vagus nerve P É 

19 Thyrohyoid muscle r Jm 
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Transverse seetion of thyroid gland 
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Inferior view 
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Thyroid gland in situ 

Anterior view 


Photomierograph of thyroid gland 


240x 
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The parathyroid glands are small, oval, light brown glands situated 
_ on the posterior border of the two lateral lobes of the thyroid gland. 

The parathyroid glands sit just beneath the eonneetive tissue capsule 
of the thyroid gland. There are four parathyroid glands, two superior and two inferior. The endoerine eells of the parathyroid 
glands are ealled ehief or prineipal eells. The ehief eells form intereonneeting columns of eells separated by fenestrated 
eapillaries. The ehief eells produce the parathyroid hormone. 

1 Superior parathyroid gland 7 Chief eell 

2 Inferior parathyroid gland 8 Oxyphil eell 

3 Left lobe of thyroid gland 9 Oapillary 

4 Right lobe of thyroid gland 10 Arteriole 

5 lsthmus of thyroid gland 11 Venule 

6 Pyramidal lobe of thyroid gland 



Thyroid and parathyroid glands (exposed on left) 

Posterior view 


There are two yellowish suprarenal or adrenal 
glands that sit on the superior end of the kidneys. 

Eaeh gland is surrounded by a thin eonneetive 
tissue envelope. These highly vascular organs are not symmetrieal. The right suprarenal gland is slightly 
smaller and forms a flat tetrahedron orfour-sided polygon. The left suprarenal gland, like the left kidney, 
is more superior than the right gland and has a semilunar shape that resembles a flattened stoeking hat 
plaeed on the upper end of the kidney. Eaeh suprarenal gland is actually eomposed of two endoerine 
organs, one surrounding the other. The inner portion of the gland, ealled the suprarenal medulla, forms 
approximately 20% of the organ. The medulla seeretes eateeholamines. The more massive outer part 
of the gland, ealled the suprarenal cortex, seeretes a variety of steroid hormones. The two parts of 
the gland eaeh have different embryonie origins. The suprarenal medulla forms from the embryonie 
mesoderm, and the suprarenal cortex forms from embryonie neural erest eells. 

1 Right suprarenal gland 


2 Left suprarenal gland 

3 Zona glomerulosa of cortex 

4 Zona fasciculata of cortex 

5 Zona reticularis of cortex 

6 Medulla 

7 Capsule 

8 Kidney 

9 Aorta 

10 Inferior vena eava 

11 Crura of diaphragm 

12 Diaphragm 

13 Psoas major muscle 

14 Bladder 

15 Celiac artery 

16 Superior mesenterie artery 

17 llreter 

18 Common iliae artery 

19 Renal vein and artery 

20 Autonomic nerve plexus 


12 


11 


t5 


10 


16 


19 


17 


m 


\ 


18 


13 


— 




- m n 

■ n 












11 


Jt 


11 






15 


20 




m 


4á 


20 


* 








f f 


L 


1 >14 










í 2 




Deed disseetion of a&domeri 

I Anteriorview I 




r» 







l RilÌ 








, * 




1 





13 


Left suprarenal gland 

Anterior view 


Photomierograph of suprarenal gland 


100x 
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The panereas is a retroperitoneal organ that forms as an outgrowth of the 

_ duodenal lining. Situated posterior to the stomaeh it is pinkish in eolor and 

about 15 em long, mnning from the loop of the duodenum on the rightto the 
spleen on the left. It has four basie regions: a head, neek, body, and tail. The panereas has tvvo func- 
tional parts, the exocrine panereas and the endoerine panereas. The endoerine portion of the panereas 
forms as small clusters of eells, the panereatie islets, distributed among the exocrine aeinar eells of the 
panereas. They are far less numerous (approximately 5% of the panereas) than the eells of the exocrine 
panereas. There are four distinet eell types vvithin the panereatie islets: alpha or Aeells, beta or B eells, 
delta or D eells, and F eells. The alpha (20%) and beta (70%) eells constitute the greater part of the 
panereatie islets and produce the hormones glucagon and insulin, respeetively. The other 10% of the 
islet eells are delta and F eells, vvhieh seerete somatostatin and panereatie polypeptide, respeetively. 



Panereas in situ 

Anteror view 









The ovaries are ovoid organs about the size of an unshelled almond 
and occupy the boundary zone between the abdominal and pelvie 
eavities. They eonsist of a dull white fibrous tissue embedded with 
ooeytes, the “egg” eells of the female. Surrounding the ooeytes are numerous follicular eells 
that undergo ehanges during the female menstmal eyele. The follicular eells are the endoerine 
eells of the ovary that produce the female steroidal hormones. 



1 Ovary 

2 Primordial folliele 

3 Primary folliele granulosa eells 

4 Seeondary folliele granulosa eells 

5 Follicular antrum 

6 Corpus luteum 

7 Primary ooeyte 

8 Zona pellucidum 

9 Corona radiata 

10 llterine tube 

11 Uterus 

12 Vagina 

13 Bladder 

14 Urethra 

15 Rectum 

16 eiitoris 

17 Pubic symphysis 

18 Parietal peritoneum 
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Photomierograph of ovary 
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Sagittal seetion of female pelvis 


Medial view 
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The testes are oval-shaped organs about 2 inehes (5 em) long and 1 ineh (2.5 em) wide 

_ that occupy the serotal sae of a male. They are eovered by a tough fibrous tunic and 

wrapped in a serous sae that separates them from the external tissues that surround 
them. Internally, the testes eonsist of numerous small eompartments ereated by eonneetive tissue bands that 
projeet inward from the outer fibrous tunic. Eaeh testicular eompartment is occupied by a thin, highly eoiled 
seminiferous tubule. This thin tube is the site of sperm production. Situated between the tubules are the inter- 
stitial eells (of Leydig). It is these large interstitial eells that seerete the steroidal hormones in the testis. 



1 Testis 

2 Interstitial (Leydig) eell 

3 Basement membrane 

4 Sertoli eell 

5 Spermatogonium 

6 Primary spermatoeyte 

7 Seeondary spermatoeyte 

8 Spermatid 

9 Seminiferous tubule 

10 Tunica albuginea 

11 Epididymis 

12 Spermatie eord 




Photomierograph of testis 

40x 


Sagittal seetion of left testis 

Medial view 
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In addition to the endoerine organs discussed 

_ on the preeeding pages, there are other endo- 

erine tissues in the body. These include tis- 
sues in the wall of the gastrointestinal traet that produce hormones such as gastrin and seeretin, tissues in the kidney that 
produce renin and erythropoietin, tissues in the atrium of the heart that produce atrial natriuretic peptide, tissues of the pla- 
eenta that produce human ehorionie gonadotropin, estrogens, and progesterone, and adipose tissue that produces leptin. 
These hormones have a variety of functions, from stimulating the release of digestive enzymes, to raising blood pressure, 
to deereasing blood pressure, to regulating reproductive eyeles, and suppressing appetite. 



Other organs with endoerine tissues 

Stomaeh (upper left), kidney (upper right), heart (lower right), 

plaeenta (lower left), and adipose tissue (eenter) 
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Cardiovascular System 


If you have ever planted 
garden of signifieant size, you have probably experienced the impor- 
tanee of an irrigation system. At its simplest, an irrigation system is 
a network of ehannels or furrows that deliver needed water from 
one main source to the roots of all the gardens plants. Like an 
irrigation system, the bodys blood vessels form an extensive 
network of “irrigation ehannels ’ to deliver needed fluid — in 
this ease the homeostatieally maintained blood — to all the 
body s eells. In faet, this delivery system is probably the most 
phenomenal irrigation network imaginable. Emanating 
from a muscular pump, the heart, these vessels form an 
extensive system of tubular roadways that earry nourishing 
blood away from the heart and toward the tissues. They 
then make a £C U-turn” through small permeable, exchange 
vessels, the eapillaries, which feed all the body s eells. Here, 
life-supporting molecules, such as water, oxygen, glucose, 
and amino aeids are delivered to the eells, and the by-products 
of cellular metabolism are pieked up from the surrounding 
tissue fluid. The blood then flows baek to the heart through 
a series of return vessels, the veins, that parallel the delivery 
vessels. This circular pattern of flow to and from the heart 
constitutes the vascular (blood vessel) eomponent of the 
cardiovascular (circulatory) system. This irrigation network 
is so impressive, that if all the blood vessels of the body were 
plaeed end-to-end they would extend 25,000 miles (96,500 km), 
which is approximately two times the equatorial circumference 
of the earth. 

The irrigation network of blood vessels are of no value without 
a pump. The heart is the dual, self-regulating pump that generates 
the pressure to drive the blood through this impressive irrigation 
network. It pumps the blood through two eyeles — a pulmonary 
eyele to piek up oxygen from the lungs and a systemie eyele to deliver 
the oxygen to all the eells of the body. Soon after eoneeption, and up 
until death, the heart pumps blood. It averages approximately 70 beats 
per minute, or about 3 billion eontraetions in an average lifetime. 

The final aspeet of the cardiovascular system is the aeeessory drainage 
network — the lymphaties. These small vein-like vessels insure that the 
eardiae return equals the eardiae output. This ehapter will depiet the anatomy 
of this amazing muscular pump and the vascular and lymphatie roadways that 
distribute the blood throughout the body. 




Find more information 
about the cardiovascular 



system in 



















In the histology ehapter we learned that the fluid material we eall blood has been historieally elassified as 

_ a eonneetive tissue. This elassifieation was a result of the faet that, like other eonneetive tissues, blood 

has more extracellular matrix than eells. More reeently, however, blood has been plaeed in a tissue eat- 
egory of its own — the hematolymphoid complex. The extracellular portion of the blood is a water solution that gives rise to 
its liquid nature. Blood is elosely related to other aqueous fluids within the body, in faet most of the other body fluids, such 
as interstitial fluid, lymph, eerebrospinal fluid, and aqueous humor, arise from the blood. These extracellular fluids are the 
water environment that nourish, proteet, and exchange with every eell of the body. This water environment is derived from 
the blood, renewed by the blood, and returned to the blood. Dispersed in the blood plasma are the three groups of blood 
eells — erythroeytes (red blood eells), leukocytes (white blood eells), and thromboeytes (platelets). The blood smear below 
depiets the three eell eategories. 


1 Erythroeyte (red blood eell) 

2 Leukocyte - neutrophil (white blood eell) 

3 Leukocyte - monoeyte (white blood eell) 

4 Thromboeyte (platelet) 

5 Blood plasma 



Blood smear 

700x 
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From its origin in the embryo as a simple pumping tube, the heart develops into a strong fibromuscular 

_ organ. During its development the original tubular pump is folded and subdivided into a four ehambered 

organ that has a pyramidal or eonieal form. It is approximately the size of a elosed fist and weighs 
approximately 300 grams in males and a little less than this in females. For its small size, eomprising only one half of one 
pereent of the total body mass, it is an important and functionally amazing organ. The wall of the heart eonsists of three 
structural layers that eaeh play signifieant roles in its function as an effieient pump. While the tissue makeup of this wall is 
similar at any loeation in the heart, the thiekness ean vary eonsiderably. Internally a septum and series of valves divide the heart 
into four ehambers through which the blood moves in a unidirectional flow. The ehambers differ in structure and function, which 
is primarily refleeted in the anatomy of their walls. Embedded within the walls of heart is a speeial eleetrieal conduction system 
that helps regulate its eoordinated pumping aetion. 


1 Right atriiim 

2 Left atrium 

3 Right ventriele 

4 Left ventriele 

5 Right auricle 

6 Left auricle 

7 Aorta 

8 Braehioeephalie artery 

9 Left eommon earotid artery 

10 Left subclavian artery 

11 Pulmonary trunk 

12 Right pulmonary artery 

13 Left pulmonary artery 

14 Ligamentum arteriosum 

15 Superior vena eava 

16 Inferior vena eava 

17 Coronary sinus 


18 Right eoronary artery 

19 Conus arteriosus braneh 

20 Marginal braneh 

21 Anterior interventricular artery 

22 Lateral branehes 

23 Circumflex braneh 

24 Posterior interventricular artery 

25 Anterior eardiae vein 

26 Great eardiae vein 

27 Posterior vein of left ventriele 

28 Middle eardiae vein 

29 Small eardiae vein 

30 Right superior pulmonary vein 

31 Right inferior pulmonary vein 

32 Left superior pulmonary vein 

33 Left inferior pulmonary vein 
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Heart 

Anterior view 





Heart 

Posterior view 
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Disseetion of heart revealing tricuspid valve 

Anterior view 
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Like all tubes in the body, blood vessels have a basie pattern of design that involves 
_ three structural tunics 5 or layers. The inner layer of the vessel is the tunica intima. 

This eonsists of the luminal endothelium and a thin netvvork of underlying elastie 
eonneetive tissue. The middle layer of the vessel is the tunica media, vvhieh eonsists of varying amounts of smooth muscle 
and elastie eonneetive tissue. Variations in the tunica media define the different types of blood vessels. The outer layer, the 
tunica externa, is a dense eonneetive tissue outer eoat. The designations — elastie arteries, muscular arteries, arterioles, 
venules, and veins — are based on size differenees and the differenees in the vessels’ tunica media. Elastie arteries have 
a thiek elastie tunica media. Muscular arteries have a tunica media dominated by smooth muscle. Arterioles are tiny arteries 
vvith a muscular tunica media. All the venous vessels have a thin, almost non-existent tunica media. The smallest blood 
vessels, the eapillaries, loose all the layers of their vvall except the inner endothelium. These mieroseopie, thin vvalled tubes 
beeome the exchange vessels of the system. 


1 Endothelium of tunica intima 

2 Internal elastie membrane of tunica intima 

3 Elastie lamellae of tunica media 

4 Smooth muscle eells of tunica media 

5 Connective tissue of tunica externa 


6 Red blood eells 

7 VVhite blood eells 

8 Venous valves 

9 Nerve 

10 Striated skeletal muscle 



Seetion of aorta — large elastie artery 

100x 



Muscular artery 

100x 
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Capillary 

1000x 


Arteriole 

500x 



Longitudinal seetion of vein showing valves 

Anterior view 



Transverse seetion of vein showing valves 

Superior view 



Neurovascular bundle — note thin-walled vein filled with red 
blood eells (6) eompared to thick-walled muscular arteries (4) 

100x 
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The vascular system eonsists of two long circular loops of continuous 

_ branehed tubing that eaeh begin and end with the heart. Leaving the 

right ventriele and returning to the left atrium is the smaller pulmonary 
circulation. This circular loop courses through the lung tissues where its smallest vessels form an extensive interfaee with 
the small air saes of the lungs. This important interfaee is the site of exchange of 0 2 and C0 2 between the blood and air. 


1 Heart 

2 Pulmonary trunk 

3 Right pulmonary artery 

4 Left pulmonary artery 

5 Right superior pulmonary vein 

6 Right inferior pulmonary vein 

7 Left superior pulmonary vein 

8 Left inferior pulmonary vein 

9 Aorta 

10 Right eoronary artery 

11 Left eoronary artery 

12 Right eommon earotid artery 

13 Right subclavian artery 

14 Left eommon earotid artery 

15 Left subclavian artery 


16 Superior vena eava 

17 Inferior vena eava 

18 Traehea 

19 Right prineipal bronchus 

20 Left prineipal bronchus 

21 Esophagus 

22 Thyroid gland 

23 Vagus nerve 

24 Pulmonary plexus 

25 Posterior vagal trunk 

26 Esophageal plexus 

27 Anterior vagal trunk 

28 Anterior sealene muscle 

29 Cricothyroid muscle 
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Disseetions of pulmonary trunk, arteries, and veins 

Anterosuperior view below, anterior view above 











The left ventriele pumps blood into the much larger 

_ systemie circulation, which is distributed throughout 

all the body’s tissues. llnlike the smaller pulmonary 
circuit, the extensive systemie circuit serves a multitude of functions before returning to the right atrium: 

(1) it distributes the neeessary nutrients and other supplies to all the body eells while removing their 
metabolie wastes; (2) it acquires metabolie fuel through the lining of the digestive system to distribute 
throughout the body; (3) it expels wastes and excess water and adjusts the body’s eleetrolyte eompo- J 
sition through its assoeiation with the tubes of the kidney; (4) it distributes generated heat throughout 
the body and plays an important role in adjusting heat loss to the external environment as it courses 
through the skin; and (5) it distributes hormones, regulatory ehemieal-messenger molecules seereted 
by endoerine glands, to various sites of aetion throughout the body. 
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1 Aorta 

2 Braehioeephalie artery 


21 Common iliae arteries 

22 Internal iliae arteries 


3 Right eommon earotid artery 23 External iliae artery 


4 Right siibelavian artery 


24 Femoral artery 


5 Right internal thoraeie artery 25 Deep femoral artery 


6 Left eommon earotid artery 

7 Left subclavian artery 

8 Left axillary artery 

9 Left braehial artery 

10 Left ulnar artery 

11 Left radial artery 

12 Left radial recurrent artery 

13 Coeliactrunk 

14 Common hepatie artery 

15 Left gastrie artery 

16 Splenie artery 

17 Superior mesenterie artery 

18 Right renal artery 

19 Left renal artery 

20 Inferior mesenterie artery 


26 Popliteal artery 

27 Azygos vein 

28 Thyroid gland 

29 Traehea 

30 Ligamentum arteriosum 

31 Vagus nerve 

32 Phrenie nerve 

33 Anterior sealene muscle 

34 Braehialis muscle 

35 Braehioradialis muscle 

36 Innermost intereostal muscles 

37 Quadratus lumborum muscle 

38 Psoas major muscle 

39 eiaviele 

40 First rib 
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Disseetion of aortie areh and its branehes 

Anterior view 


Disseetion of major arterial pathways 


Anterior view 
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The eoronary arteries are the first branehes of the aorta. These important vessels 

_ provide the eonstantly needed blood supply to the heart. The left eoronary artery is, 

on average, larger than the right eoronary artery and supplies a greater pereentage 
of the heart tissue. Aeeompanying the branehes of the eoronary arteries, a series of eardiae veins emerge from the eapillar- 
ies of the heart to return blood to the right atrial ehamber, either by entering direetly or by joining the large eoronary sinus, 
which enters the right atrium from the posterior side. 


1 Ooronary sinus 

2 Right eoronary artery 

3 Conus arteriosus braneh 

4 Marginal braneh 

5 Anterior interventricular artery 

6 Lateral branehes 

7 Circumflex braneh of left eoronary 

8 Posterior interventricular artery 

9 Anterior eardiae vein 

10 Great eardiae vein 

11 Posterior vein of left ventriele 

12 Middle eardiae vein 

13 Oblique vein 

14 Aorta 


15 Pulmonary trunk 

16 Superior vena eava 

17 Left atrium 

18 Right atrium 

19 Right ventriele 

20 Left ventriele 

21 Pulmonary veins 

22 Pulmonary artery 

23 Inferior vena eava 

24 Ligamentum arteriosum 

25 Braehioeephalie artery 

26 Left eommon earotid artery 

27 Left subclavian artery 





Disseetion of eoronary arteries and eardiae veins 

Anterior view 
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Disseetion of eoronary arteries, eoronary sinus, and eardiae veins 

Posterior view 
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Like the heart, which needs a eonstant, uninterrupted blood 

_ supply, the brain tissue also must be guaranteed of a continu- 

ous perfusion in order to maintain its emeial functions. The 
eommon earotid arteries, arising from the aortie areh, bifurcate into external and internal earotids. The 
external earotid supplies all tissues of the head except the brain, while the function of the internal 
earotid is to supply the brain. Because of the brain’s eritieal vascular needs the internal earotid artery 
has a partner, the vertebral artery, which courses eranially from the subclavian artery to assist with the 
essential blood supply to the brain. 



1 Internal earotid artery 

2 Basilar artery 

3 Vertebral artery 

4 Posterior eerebral artery 
Posterior comnnunicating artery 
Middle eerebral artery 
Posterior inferior eerebellar artery 
Posterior superior eerebellar artery 
Common earotid artery 
External earotid artery 
Superior thyroid artery 
Aseending pharyngeal artery 
Lingual artery 
Faeial artery 
Oeeipital artery 
Posterior auricular artery 
Superficial temporal artery 
Transverse faeial artery 
Maxillary artery 
Optie ehiasm 
Thyroid gland 
Trigeminal nerve 
Lateral pterygoid muscle 
Temporal lobe of cerebrum 
Zygomatie areh 








JTJ 




Disseetion of basilar artery 


Inferior view 


Disseetion of branehes of external earotid artery 


Lateral view 
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1 Internal earotid artery 

2 Vertebral artery 

3 Basilar artery 

4 Middle eerebral artery 

5 Anterior eerebral artery 

6 Anterior eommiinieating artery 

7 Posterior communicating artery 


8 Cerebral veins 

9 Cerebellar veins 

10 Superior sagittal sinus 

11 Transverse sinus 

12 Inferior sagittal sinus 

13 Sigmoid sinus 

14 Opening of straight sinus 


15 Confluence of the sinuses 

16 Dura mater 

17 Pia-araehnoid mater 

18 Spinal eord 

19 Vertebral body 

20 Cervical transverse proeess 

21 Temporal lobe of eerebmm 


22 Pituitary gland 

23 External acoustic meatus 

24 Pons 

25 Frontal lobe of eerebmm 

26 Vagus nerve 

27 Cervical sympathetie trunk 

28 Superior eervieal ganglion 
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llnlike the internal and external earotid arteries, the internal and external jugular veins form a wide array of eollateral circuitry. 
The major structural differenee of the venous pathways in the head is the existence of dural venous sinuses within the skull. 
The dural venous sinuses are non-eollapsible, endothelial lined spaees within the tough meningeal dura mater. All the 
smaller veins draining eapillaries within the brain tissue enter into the dural venous sinuses. These dural sinuses eonverge 
with one another throughout the skull to exit the eranial vault via the internal jugular vein. 



Disseetions of dural venous sinuses and eerebral veins 

Posterior view (top), lateral view (bottom) 













The arterial pathvvay into the upper 

_ limb eonsists of a single, major arte- 

rial roadvvay that gradually tapers as 
it gives rise to the various branehes that supply the tissues of the limb. This large arterial roadvvay 
begins as the subclavian artery, takes on regional names — the axillary artery and braehial artery — 
as it tapers distally, then branehes into the radial and ulnar arteries, vvhieh course through the ante- 
brachium, paralleling the bones of the same names. The radial and ulnar arteries terminate as the 
eollateral arehes in the hand. This eentral pathvvay through the limb is the sole blood supply to this 
region, supplying the integument, muscles, bones, joints, and eonneetive tissues of the upper limb. 
The deep venous pathvvays follovv the arteries and have similar names. Hovvever, superficial veins 
that have no arterial counterparts aid the deep veins in returning blood to the heart. 







Disseetion of siibelavian and axillary arteries 

Anterior view 
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1 Braehioeephalie artery 

2 Common earotid artery 

3 Vertebral artery 

4 Siibelavian artery 

5 Thyroeervieal trunk 

6 Inferior thyroid artery 

7 Aseending eervieal artery 

8 Suprascapular artery 

9 Dorsal scapular artery 
10 Axillary artery 


Superior thoraeie artery 21 

Thoraeoaeromial trunk 22 

Peetoral artery 23 

Aeromial artery 24 

Clavicular artery 25 

Deltoid artery 26 

Lateral thoraeie artery 27 

Subscapular artery 28 

Circumflex scapular artery 29 
Thoraeodorsal artery 30 


Posterior circumflex humeral artery 

Anterior circumflex humeral artery 

Braehial artery 

Deep artery of arm 

Internal thoraeie artery 

Internal thoraeie vein 

Anterior sealene muscle 

Middle sealene muscle 

Deltoid muscle 

Peetoralis minor muscle 


31 Peetoralis major muscle 

32 Subscapularis muscle 

33 Teres major muscle 

34 Latissimus dorsi muscle 

35 Serratus anterior muscle 

36 Phrenie nerve 

37 Braehial plexus 

38 eiaviele 

39 First rib 

40 Suprascapular nerve 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



Disseetion of siibelavian and axillary arteries 

Anterosuperior view 
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1 Braehial artery 

2 Lllnar artery 

3 Radial artery 

4 Anterior interosseous artery 

5 Superficial palmar areh 

6 Common digital artery 

7 Proper digital artery 


8 Deep palmar areh 

9 Cephalicvein 

10 Median cubital vein 

11 Basilievein 

12 Median antebraehial vein 

13 Aeeessory eephalie vein 

14 Braehial vein 


15 lnterosseous membrane 

16 Transverse earpal ligament 

17 Supinator muscle 

18 Pronator quadratus muscle 

19 Flexor digitomm superficialis tendons 

20 Flexor digitomm profundus tendons 

21 Bieeps braehii muscle 


22 Trieeps braehii muscle 

23 Peetoralis major muscle 

24 Deltoid muscle 

25 Deltopeetoral groove 

26 Serratus anterior muscle 

27 Braehioradialis muscle 

28 Coracobrachialis muscle 




Disseetion of palmar arterial areh and branehes to digits 

Anterior view 
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Disseetion of antebraehial arteries 

Anterior view 




VVithin the upper limb there are two sets of veins: deep veins that aeeompany the arteries, and siiperfieial veins that course 
through the hypodermis without arterial counterparts. The deep veins, mnning with the arteries of the upper limb, have the 
same names as their arterial counterparts. These veins are signifieantly smaller than the arteries they aeeompany and form 
vena eomitans with anastomotie ehannels around the arteries. The superficial veins of the upper limb are large and numerous. 
There are three major superficial veins into which all the other superficial veins flow; they are the basilie vein, eephalie vein, 
and median cubital vein. The median cubital vein is a eonneeting vein between the eephalie vein and the basilie vein. The 
eephalie and basilie veins eventually pass deep to join the axillary vein at the proximal end of the limb. Most of the venous 
return from the upper limb passes through the superficial veins. 



Disseetion of siiperfieial vein of upper limb 

Medial view of left upper limb 
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The branehes of the aorta that supply the thoraeie 

_ region ean be divided into two prineipal groups — 

those that supply the thoraeie body wall and those 
that supply thoraeie viseera. Two arterial supply routes earry blood into the thoraeie body wall. Poste- 
riorly the aorta courses vertieally down the vertebral column, while anteriorly the internal thoraeie 
arteries arise from the subclavian arteries and course vertieally down the inside of the sternum. 
Between these anterior and posterior supply arteries are intereonneeting eollateral arteries. These 
eollateral vessels are the anterior intereostal arteries and the posterior intereostal arteries, which sup- 
ply the tissues of the intereostal spaees and form eollateral circuits between the anterior and poste- 
rior arterial pathways. All thoraeie viseera reeeive their blood supply from branehes of the aorta. The 
thoraeie viseera include the heart, lungs with their assoeiated bronehial tubes, and the esophagus. 





1 Aorta 

2 Posterior intereostal artery 

3 Posterior intereostal vein 

4 Azygos vein 

5 Hemi-azygos vein 

6 Aeeessory hemi-azygos vein 

7 Superior vena eava 

8 Braehioeephalie vein 

9 Subclavian vein 

10 Internal jugular vein 

11 Inferior vena eava 

12 Right atrium (cut) 

13 Left subclavian artery 

14 Left eommon earotid artery 

15 Right eommon earotid artery 

16 Hepatievein 

17 Traehea 

18 Diaphragm 

19 Esophageal hiatus 

20 Subcostal muscle 

21 Innermost intereostal muscle 

22 Esophagus 

23 Sympathetie trunk nerve 

24 Thoraeie lymphatie duct 



Disseetion of vessels of posterior thoraeie wall 

Anterior view 
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Like the arterial supply to the thoraeie wall, the venous drainage returns via both anterior-wall and posterior-wall drainage 
veins. The veins of the anterior wall have the same names as their arterial counterparts, while the veins of the posterior wall 
differ in name and structure. llnlike the aorta, which is the posterior-wall supply artery, the superior vena eava and inferior 
vena eava diverge from the posterior thoraeie wall to enter the thoraeie eavity and return their eontents to the heart. In the 
absenee of vena eavae in the posterior thoraeie wall, an azygos system of veins is formed to drain the body wall and the 
thoraeie viseera. These azygos veins eomrrmnieate with the superior vena eava to return their eontents to the heart. With 
the exception of the azygos veins, the veins are similar to the arteries in name and distribution. 



Disseetion of vena eavae and tributaries m 21 

Anterior view 




Disseetion of azygos veins 

Anterior view 
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Like the thorax 5 the abdomen has somatie ar- 
teries that supply the abdominal muscle wall 
and viseeral arteries that supply the viseera of the abdominal eavity. These vessels follow the same 
pattern observed in the thoraeie region; that is, the abdominal body wall has both anterior (epigastrie 
arteries) and posterior (aorta) supply pathways that form intereonneeting eollateral arteries, while the 
viseera reeeive branehes from the aorta — eeliae artery to the foregut, superior mesenterie artery to 
the midgut, inferior mesenterie artery to the hindgut, and renal arteries to the kidneys. 



* 




Deep disseetion of abdomen showing renal vessels 


Anterior view 
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Branehes of eeliae artery 
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Disseetion of abdomen showing eeliae branehes and supply of foregut viseera 

Anterior view, stomaeh refleeted upward 


280 













1 Aorta 13 Middle eolie artery 25 Common iliae artery 37 Stomaeh 

2 Celiac artery 14 Marginal artery 26 Inferior vena eava 38 Transverse eolon 

3 Splenie artery 15 Right eolie artery 27 Hepatievein 39 Suprarenal gland 

4 Common hepatie artery 16 lleoeolie artery 28 Renal vein 40 Panereas 

5 Left gastrie artery 17 Jejimal arteries 29 Hepatie portal vein 41 Spleen 

6 Right gastrie artery 18 lleal arteries 30 Superior mesenterie vein 42 Duodenum 

7 Left gastro-omental artery 19 Inferior mesenterie artery 31 Inferior mesenterie vein 43 Aseending eolon 

8 Right gastro-omental artery 20 Left eolie artery 32 Splenie vein 44 Deseending eolon 

9 Proper hepatie artery 21 Sigmoid artery 33 Suprarenal vein 45 lleum 

10 Gastroduodenal artery 22 Superior reetal artery 34 Testicular vein 46 Diaphragm 

11 Superior pancreaticoduodenal artery 23 Renal artery 35 Kidney 47 Llreter 

12 Superior mesenterie artery 24 Segmental arteries 36 Liver 48 Psoas major muscle 



I Inferior mesenterie artery 

Disseetion of abdomen shovving arterial supply of midgut and hindgut viseera 

Anterior view 
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The major differenee between the arteries and veins of the abdomen 

_ is the faet that all the viseeral venous return from the eapillaries of the 

digestive system and spleen pass via the hepatie portal system to the 
eapillaries of the liver before returning to the heart. VVithin the liver, both the hepatie artery and hepatie portal vein braneh to 
form a complex network of speeialized eapillaries ealled the hepatie sinusoids. The hepatie sinusoids then drain into the 
hepatie veins to return the blood to the inferior vena eava. 


1 Inferior vena eava 

2 Hepatie portal vein 

3 Superior mesenterie vein 

4 Right eolie vein 

5 Inferior mesenterie vein 

6 Renal vein 

7 Superior mesenterie artery 

8 Inferior mesenterie artery 

9 Middle eolie artery 

10 Marginal artery 

11 Left eolie artery 

12 Common iliae artery 

13 External iliae artery 

14 Internal iliae artery 

15 Superior gluteal artery 

16 Inferior gluteal artery 

17 Obturator artery 

18 Internal pudendal artery 

19 Lateral saeral artery 

20 Superior vesieal artery 

21 Vaginal artery 

22 Obliterated umbilical artery 

23 Uterus 

24 

25 Prostate 

26 Rectum 

27 Stomaeh 

28 Kidney 

29 Upper bands of saeral 

30 Sympathetie trunk 




31 Inferior vesieal artery 

32 


Disseetion of abdomen showing arteries and veins of the intestines 


Abdominal veins 
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The eommon iliae arteries, the terminal branehes of the 

_ aorta, earry all of the blood supply to the lower limbs and 

pelvis. All pelvie viseera, along with the body wall anatomy 
of the pelvis and perineal regions, reeeive their blood supply from the internal iliae artery. Numerous 
branehes arise from the internal iliae artery to supply the pelvie wall, the perineum, and the gluteal 
region. Other branehes course into the pelvie eavity to supply the viseera. The veins are similar in 
name and course with the eorresponding arteries. 
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Disseetion of pelvie arteries of male 

Medial view, anterior at right 
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As in the upper limb, the main arterial 

_ pathway into the lower limb eonsists of 

a single, major arterial roadway that 
gradually tapers as it gives rise to numerous branehes on its pathway through the limb. This large 
arterial roadway begins as the external iliae artery in the pelvis, passes beneath the inguinal ligament 
to enter the thigh as the femoral artery, passes to the baek of the knee to beeome the popliteal artery, 
and in the proximal aspeet of the leg bifurcates into the anterior tibial and posterior tibial arteries, 
which course through the leg and into the foot. 

1 Superior gluteal artery 10 Internal iliae artery 19 Adductor longus muscle 

2 Inferior gluteal artery 11 External iliae vein 20 Rectus femoris muscle 

3 Internal pudendal artery 12 Common iliae artery 21 Vastus intermedius muscle 

4 Femoral artery 13 Aorta 22 Graeilis muscle 

5 Deep artery of thigh 14 Gluteus maximus muscle 23 Vastus lateralis muscle 

6 Muscular branehes of femoral 15 Sacrotuberous ligament 24 Vastus medialis muscle 

7 Femoral vein 16 Piriformis muscle 25 Faseia lata 

8 Great saphenous vein 17 Spermatie eord (cut) 26 Sartorius muscle 

9 External iliae artery 18 Penis (cut) 27 lliacus muscle 




Disseetion of gluteal region showing gluteal arteries and nerves 

Posterior view 
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Disseetion of popliteal and crural arteries 


Posterior view 



1 Popliteal artery 

2 Anterior tibial artery 

3 Posterior tibial artery 

4 Fibular artery 

5 Superior lateral genicular artery 

6 Inferior lateral genicular artery 

7 Inferior medial genicular artery 

8 Femoral vein 

9 Great saphenous vein 

10 Femoral artery 

11 Superficial epigastrie artery 

12 Superficial epigastrie vein 

13 External pudendal vein 

14 Superficial circumflex iliae vein 

15 Superficial circumflex iliae artery 

16 Femoral nerve 

17 Soleus muscle 

18 Popliteus muscle 

19 Subcutaneous layer 

20 Faseia lata 

21 Sartorius muscle 

22 Adductor longus muscle 

23 Bieeps femoris muscle 

24 Semitendinosus muscle 

25 Scrotum 
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Dísseetion of popliteal region revealing arteries 


Posterior view 





Disseetion of proximal crus revealing arteries 


Posterior view 
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Similar to the veins of the upper limb, the venous pathvvays in the lovver limb eonsist of both deep veins that aeeompany the 
arteries, and superficial veins that course through the hypodermis. In the foot and leg, the deep veins form vena eomitans vvith 
their arterial counterparts; hovvever, the more proximal popliteal and femoral veins are large single vessels aeeompanying 
their assoeiated arteries. Tvvo major superficial venous ehannels reeeive numerous tributaries from smaller superficial veins 
throughout the lovver limb. These major superficial veins are the small saphenous vein and the great saphenous vein. Llnlike 
the upper limb, the majority of venous blood flovv through the lovver limb passes via the deep veins. Anastomosing veins 
betvveen the saphenous veins and the deep veins have one-vvay valves. The valves direet blood flovv to the deep veins 
vvhere eontraetions of surrounding skeletal muscles faeilitate movement of the blood tovvard the heart. 



Disseetion of femoral vein and tributaries in femoral triangle 

Anterior view 



Disseetion of great saphenous vein 

Anteromedial view 
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Even under normal circumstances, slightly more fluid is filtered out of the eapillaries into 

_ the interstitial fluid than is reabsorbed from the interstitial fluid baek into the plasma. On 

average, the net filtration pressure starts at 11 mm Hg at the beginning of the eapillary, 
vvhereas the net reabsorption pressure only reaehes 9 mm Hg by the vessel’s end. Because of this pressure differential more 
fluid is filtered out of the first half of the eapillary than is reabsorbed in its last half. If this extra filtered fluid vvere not drained 
avvay, the consequence of this unbalanced exchange would be accumulation of excess interstitial fluid, or edema. To circum- 
vent this potentially disastrous problem, a system of aeeessory drainage vessels, the lymphatie vessels, evolved in vertebrate 
animals. This lymphatie system of vessels eonsists of an extensive network of one-way tubes that provide an aeeessory route 
through which fluid is returned from the interstitial fluid to the blood to keep the eardiae output and return equal. 



Siiperfieial inguinal lymph node 
Afferent lymphatie vessels 
Efferent lymphatie vessels 
Great saphenous vein 
Femoral vein 
Femoral artery 
Spermatie eord 
Penis 

Sartorius muscle 
Rectus femoris muscle 
Femoral nerve 








Disseetion of lymphatie vessels and nodes in the thigh 

Anterior view 


288 




The respiratory system eonsists of a 
network of passageways that begin at the openings into the nose and mouth 
and terminate in about 600 million mieroseopie air spaees within the substance 
of the lungs. The passageways are typieally divided into upper respiratory pas- 
sageways and lower respiratory passageways. The upper respiratory traet eonsists 
of the nose, the nasal eavity and assoeiatied sinuses, and the pharynx. While 
the mouth is typieally included in the digestive system, it ean also serve as a 
passageway for air entering the respiratory system. The lower respiratory 
traet eonsists of the larynx, traehea, and the bronehial and alveolar 
tubes that form a large, branehing network of passageways within the 
lungs. This branehing bronehial tree within eaeh lung begins as a 
large, fmger-sized tube ealled the main or prineipal bronchus 
and terminates in the lungs as the mieroseopie air saes 
ealled alveoli. 

Like other systems that form an environmental 
exchange surface with the cardiovascular system, 
the respiratory system forms an extensive surface 
area in eontaet with the eapillaries. It is estimated 
that the surface area of the small dead-end air 
saes in the hrngs is about the size of a tennis 
court. This extensive interfaee is essential for 
the exchange of oxygen and earbon dioxide 
between the inhaled air and the blood. If 


body eells are deprived of oxygen, they ean- 
not function and they die as a result. So the 
acquisition of oxygen through the res- 
piratory passageways and its subsequent 
exchange with the eapillary blood is an 
important function of the respiratory 
system. 

In addition to gas exchange, the 
portion of the respiratory passageways 
referred to as the larynx is responsible 
for generating the sound waves that we 
manipulate into voiee. Internal folds in 
the lining of the larynx, the voeal folds, 
vibrate as air passes upward from the 
lungs to produce the vibrations. For 
this reason the larynx is often referred 
to as the voiee box. 



Find more information 
about the respiratory 
system in 


I 

l_ 

REAL 

ANATOMY 
























The upper respiratory 

_ traet eonsists of the ini- 

tial series of passage- 

ways that earry the inspired air through the head. The various seetions of the head seen on 
this and the faeing page show the passageways of the upper respiratory traet, which include 
the nose and nasal vestibule, the nasal eavity, the paranasal sinuses, nasopharynx, 
oropharynx, laryngopharynx, and even the oral eavity. The nasal eavity functions in filtering, 
warming, and humidifying the inspired air, while also deteeting ehemieal odorants. 




Sagittal seetion of head 

Medial view 




1 Nasal eavity 12 Nasopharynx 23 Cerebellum 

2 Superior nasal eoneha 13 Oropharynx 24 Fourth ventriele 

3 Middle nasal eoneha 14 Laryngopharynx 25 Medulla oblongata 

4 Inferior nasal eoneha 15 Epiglottis 26 Nasal septum 

5 Torus tuberius 16 Tongue 27 Maxillary sinus 

6 Frontal sinus 17 Frontal lobe 28 Temporalis 

7 Ethmoid air eell 18 Parietal lobe 29 Masseter 

8 Sphenoidal sinus 19 Oeeipital lobe 30 Mandible 

9 Hard palate 20 Corpus callosum 31 Orbit 

10 Oral eavity 21 Lateral ventriele 32 Intervertebral dise 

11 Soft palate 22 Pons 33 Vertebral body 



Frontal seetion of head 

Anterior view 
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The lovver respiratory traet 

_ arises as an outgrowth of 

the tubular gut during embryonie development. This anterior outgrowth of the gut tube begins at the 
larynx (voiee box), which is the upper expanded portion of the lower respiratory traet. It continues 
from the neek into the thorax as the traehea (windpipe), and forms a large branehing network of 
tubes that enter the lungs, the bronehial tree. The pages that follow show the tubular organs and 
histology of the lower respiratory traet. 




Lower respiratory traet and liings in situ 

Anterior view 
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1 Thyroid eartilage of larynx 

2 Cricoid eartilage of larynx 

3 Traehea 

4 Main (primary) bronchus 

5 Right lung 

6 Left lung 

7 Bronehial tree 

8 Thyroid gland 

9 Common earotid artery 


10 Subclavian artery 

11 Vagus nerve 

12 Esophagus 

13 Aorta 

14 Pulmonary artery 

15 Pulmonary vein 

16 Inferior vena eava 

17 Diaphragm 


18 Stomaeh 

19 Phrenie nerve 

20 Rib 

21 Intereostal muscle 

22 Anterior sealene muscle 

23 Thyrohyoid muscle 

24 Cricothyroid muscle 

25 Spleen 



Disseetion of lower respiratory traet and lungs in situ 

Anterior view 


The entranee to the traehea is an expanded region ealled the larynx, or 
voiee box. A series of large eartilages form the walls of this region. The 
soft tissue lining of the laryngeal eartilages folds into the larynx to form the voeal folds, flaps of 
tissue that lie aeross the opening of the larynx. Within the edges of the voeal folds are the voeal 
eords, two bands of elastie tissue that ean be stretehed and positioned in different shapes by 
laryngeal eartilages and muscles. As air is moved past the taut voeal eords, they vibrate to 
produce the many different sounds of speeeh. During swallowing, the voeal eords assume a 
function not related to speeeh; they are brought into tight apposition to eaeh other to elose off 
the rima glottidis, the entranee to the lower larynx and traehea. 



v 


1 Epiglottis 

2 Thyroid eartilage 

3 Thyroid tubercle (Adam’s apple) 

4 Superior cornu 

5 Inferior cornu 

6 Cricothyroid membrane 

7 Cricoid eartilage 

8 Arytenoid eartilage 

9 Corniculate eartilage 

10 Traehea 

11 Voeal fold 

12 Voeal ligament 

13 Rima glottidis 
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Laryngeal eartilages 

Anterior view 
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Laryngeal eartilages 

Superior view 






Laryngeal eartilages 

Posterior view 
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The traehea, “wind- 
pipe,” is the eon- 
duction tube that 

transports the air to and from the lungs. It is reinforeed by U-shaped eartilages.The traehea branehes 
into two tubes ealled bronehi that enter the lungs. Eaeh bronchus serves as the trunk of a highly 
branehed, tree-like network of bronehial tubes that beeome progressively narrower, shorter, and more 
numerous as they spread throughout the tissues of the lung. These small tubes eventually terminate as 
the small, dead-end air saes ealled alveoli, the prineipal site of gas exchange between air and blood. 


Epiglottis 
Thyroid eartilage 
Cricoid eartilage 
Traehea 


8 Segmental (tertiary) bronchus 

9 Bronehiole 

10 Fibromuscular membrane 

11 Traeheal ring 


14 Tela submucosa (areolar et) 

15 Tunica adventitia (dense et) 

16 Bronehiole eartilage (hyaline) 

17 Alveolar spaees 


Right main (primary) bronchus 12 Hyaline eartilage of traeheal ring 18 Vein with red blood eells (rbe) 


6 Left main (primary) bronchus 

7 Lobar (seeondary) bronchus 


13 Tunica mucosa (pseudostratified) 19 Pulmonary vein with rbes 
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Seetion of traehea 

Anterolateral view 
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Disseetion of lower 
respiratory traet 

Anterior view 
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Photomierograph of traeheal wall 


100x 


Photomierograph of alveoli and 

small bronehial tube 

100x 
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The lungs are the spongy, pyramidal-shaped organs that house the bronehial 

_ tree and the extensive pulmonary vascular network. Eaeh lung is surrounded 

by a thin mesothelial eovering, the viseeral pleura, and sits on either side of 
the heart within the thoraeie eavity. The vascular and respiratory passageways enter eaeh lung on 
its medial aspeet at the hilum. The wide base of the lung sits on the diaphragm inferiorly and 
tapers to a narrow apex superiorly. The right lung has three lobes and the left lung two lobes. 

V 1rí^ . ^ 






Photomierograph of lung tissue 

100x 
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1 Apex 

2 Siiperior lobe 

3 Middle lobe 

4 Inferior lobe 

5 Oblique fissure 

6 Transverse fissure 

7 Segmental (tertiary) bronchus 


8 Pulmonary artery 

9 Pulmonary vein 

10 Oostal impression 

11 Diaphragmatie surface 

12 Aortie impression 

13 Oardiae noteh 


14 Hilum 

15 Bronehiole 

16 Small artery 

17 Alveolar spaees 

18 Blood vessels with rbes 

19 Lingula 


Lateral view, anterior to the left 


Medial view, anterior to the right 


Photomierograph of liing tissue 













The east belovv is from a large dog’s lungs and is approximately the same size as human lungs. The easts vvere ereated by 
foreing liquid latex into the respiratory passagevvays of the lungs and then letting the latex harden. The lungs vvere then 
plaeed in a vveak aeid until the organie tissue of the lungs vvas digested avvay. These vievvs of the east allovv you to visualize 
the extensive nature of the bronehial tree as it branehes out to the larger alveolar passagevvays vvithin the lungs. The 
smaller alveolar spaees did not get ineorported into the easts. 


1 Traehea 

2 Right main (primary) bronchus 

3 Left main (primary) bronchus 

4 Lobar (seeondary) bronchus 

5 Segmental (tertiary) bronchus 

6 Branehing bronehiole network 



Latex east of respiratory passagevvays of traehea and lungs of a dog 

Anterior view at left, posterior view at right 
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The digestive sys- 

tem is the extensive environmental interfaee that makes 
it possible to transfer mitrients, water, and eleetrolytes 
from the food we eat into the body s internal environ- 
ment. This is made possible by a complex lining, 
which through a series of folds and a variety of small 
to mieroseopie projeetions greatly inereases the sur- 
faee interfaee between the digested eontents within 
the gastrointestinal organs and the numerous small 
eapillaries beneath this lining. To better appreeiate 
the degree of this surface inerease, realize that the 
average total surface area of the skin of an adult 
human is about 20 square feet, while the surface 
area of the digestive system is approximately 2,500 
square feet, or about the size of a tennis court. To 
make the transfer aeross this extensive surface area 
possible, the food we eat must be broken down 
into small molecules that ean be absorbed from the 
digestive traet into the circulatory system, which ] 
then distributes the molecular metabolites to the 
eells. Therefore, the digestive organs also function in 
the meehanieal and ehemieal breakdown of the food. 

Developmentally the digestive system begins as a 
simple tube ealled the gut tube or gut. As this simple 
tube develops into the highly convoluted organs of the 
adult anatomy, it undergoes structural ehanges that ae- 
count for its various functions. Though these structural 
ehanges lead to differenees in the tube from one region to 
the next, there is a basie pattern of design throughout the 
length of the tube. This structural pattern is responsible for 
the general function of the digestive system. Modiíieations of 
this pattern allow for the variation in structure and function 
along its length. This ehapter will highlight the structural varia- 
tion and underlying design of the digestive system. 



Find more information 
about the digestive 


system in 


ANATOMY 
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The digestive system begins at the mouth, where 

_ food and drink enter this tubular organ system to be 

proeessed by the teeth and tongue. From the mouth 
the broken-down food moves through the transport tube ealled the esophagus to the storage and mixing organ ealled the 
stomaeh. The stomaeh thoroughly mixes digestive juices and mucous with the food as it tosses it around to produce a soft- 
ened substance ealled ehyme. The ehyme is slowly moved into the small intestine where powerful digestive ehemieals are 
added from the panereas. As the ehyme slowly moves through the long small intestine, the digestive enzymes break it into 
small metabolie fuel molecules that the intestine absorbs. The material that eannot be digested and absorbed is passed into 
the large intestine where the nondigested remains are held until they ean be removed through the anus as feees. The pho- 
tos on this and the faeing page depiet the digestive organs and their related mesenteries. 



Superficial disseetion of abdominal viseera Intermediate disseetion of abdominal viseera 

Anterior view Anterior view 
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1 Esophagus 

2 Stomaeh 

3 Liver 

4 Gallbladder 

5 Panereas 

6 Duodenum 

7 Jejunum 

8 lleum 

9 Cecum 


10 

Aseending eolon 

19 

Heart 

11 

Transverse eolon 

20 

Diaphragm 

12 

Deseending eolon 

21 

Aorta 

13 

Rectum 

22 

Spleen 

14 

Greater omentum 

23 

Traehea 

15 

Lesser omentum 

24 

Inferior vena eava 

16 

Mesentery 

25 

Kidney 

17 

Transverse mesoeolon 

26 

Bladder 

18 

Lungs 





Intermediate disseetion of abdominal viseera 

Anterior view 


Deep disseetion of abdominal viseera 

Anterior view 
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The wall of the digestive traet has a basie pattern of 

_ design that is found throughout its length. This pattern 

eonsists of three tunics or layers of anatomy. The tunica 
mucosa and its subdivisions, including the tela submucosa, form the inner layer of the wall and eonsist of an extensive 
epithelial lining with an underlying vascullar eonneetive tissue. The middle layer, or tunica muscularis, eonsists of smooth 
muscle that provides for the varied types of movements that occur within the digestive organs. The majority of the organs 
have an outer layer, the tunica serosa, eomprised of a lubricated meosthelial membrane that reduces frietion as the organs 
move against one another. The image below, from the small intestine, illustrates the basie layers of the digestive traet wall. 


1 Simple columnar epithelium 

2 Lamina propria 

3 Muscularis mucosae 

4 Submucosal (Brunner’s) glands 


5 Villi 



Tunica mucosa 
eonsisting of: 
epithelium, 
lamina propria, 

and 

muscularis 

mucosae 


Tela 

submucosa 


Tunica muscularis 
circular layer 


Tunica muscularis 
longitudinal layer 

Tunica serosa 


Photomierograph of small intestine wall 

40x 
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The mouth, or oral eavity, is the entryvvay into the digestive system. 

_ In addition to serving as the portal to the tubular gut, the mouth 

eontains structures, such as the tongue, teeth, and salivary glands, 
that help initiate the digestive proeess. The boundaries of this region are defined by the lips and eheeks, vvhieh form the 
anterior and lateral vvalls, the palate, vvhieh forms the roof, and numerous muscles, the most conspicuous being the muscles 
of the tongue, vvhieh form the floor of the mouth. The pharynx is the first portion of the gut tube and is divided into three 
regions. Eaeh region communicates vvith a different eavity — the nasopharynx vvith the nasal eavity, the oropharynx vvith the 
oral eavity, and the laryngopharynx vvith the eavity of the larynx. 



1 Lips 

2 Teeth 

3 Tongue 

4 Hard palate 

5 Soft palate 

6 Nasopharynx 

7 Oropharynx 

8 Laryngopharynx 

9 Parotid gland 

10 Submandibular gland 

11 Parotid duct 

12 Serous aeini 

13 Mucous aeini 

14 Vein 

15 Trabecula 

16 Masseter 

17 Sternoeleidomastoid 

18 Sphenoid sinus 

19 Epiglottis 

20 Vertebral column 

21 Cerebrum 

22 Spinal eord 


Photomierograph of parotid gland 

100x 


Disseetion of head shovving salivary glands 

Lateral view 


Sagittal seetion of head and neek 

Medial view 


Photomierograph of submandibular gland 

240x 
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Belovv the laryngopharynx the gut tube branehes into an anterior res- 
_ piratory tube, the larynx and a posterior digestive tube, the esophagus. 

The esophagus is a narrovv, eollapsed muscular tube coursing from the 
laryngopharynx to the stomaeh. It is approximately 25 em in length and begins near the level of the sixth 
eervieal vertebra, vvhere it runs inferiorly against the anterior surface of the thoraeie vertebral column. 
At the level of the tenth thoraeie vertebra it deviates slightly to the left passing through the esophageal 
hiatus of the diaphragm to enter the stomaeh. It functions as a muscular tube of transmission. 


1 Esophagus 

2 Tunica mucosa 

3 Tela submucosa 

4 Tunica muscularis circular layer 

5 Tunica muscularis longitudinal layer 

6 Stratified squamous epithelium 


7 Lamina propria 

8 Muscularis mucosae 

9 Tunica adventitia 

10 Stomaeh 

11 Pharynx - dorsal wall 

12 Vagus nerve 






étw t r 








Step disseetion of esophagus 


Anterior view 


Pharynx, esophagus, and stomaeh 

Anterior view 



Photomierograph of esophageal wall 

40x 
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The stomaeh is a J-shaped organ of variable size and shape and has the great- 

_ est diameter of any part of the gut tube. It occupies the upper left quadrant of 

the abdominal eavity, where it is anehored to the posterior abdominal wall by a 
mesentery. The stomaeh performs several functions, the most important of which is to store ingested food 
until it ean be emptied into the small intestine at a rate that allows for optimal digestion and absorption. 


1 Stomaeh 

2 Cardia of stomaeh 

3 Fundus of stomaeh 

4 Body of stomaeh 

5 Pylorie antrum 

6 Pylorie eanal 


7 Pyloms 

8 Pylorie sphineter 

9 Gastrie rugae 

10 Greater curvature 

11 Lesser curvature 

12 Gastrie pit 


13 Surface mucous eell 

14 Lamina propria 

15 Mucous neek eell 

16 Gastrie glands 

17 Liver 

18 Gallbladder 

19 Spleen 

20 Greater omentum 


Abdominal disseetion revealing stomaeh 

Anterior view 


Frontal seetion of stomaeh 

Anterior view 


Photomierograph of stomaeh mucosa 

with callout above 

40xand100x 
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The small intestine is a highly eoiled tube with a fairly eon- 

_ sistent diameter from beginning to end. It is approximately 

6 to 7 meters long in the eadaver but, because of its muscle 
tone only around 4 to 5 meters in the living. The small intestine occupies the greater part of the mid- to 
lower abdominal eavity and eonsists of three regions. The retroperitoneal first part is ealled the duode- 
num and is about 30 em in length. This C-shaped region reeeives the seeretions from the panereas and 
liver. The remaining parts of the small intestine are the jejunum and ileum, which make up the bulk of 
the organ and are attaehed to the posterior wall of the abdomen by the mesentery. The small intestine 
is the prineipal site of digestion and absorption. 



Small intestine in situ 

Anterior view 
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Entire small intestine seetioned to show ehanges in 
internal surface from the duodenal end to the ileal end 

Internal view 


11 Cecum 

12 Transverse eolon 

13 Deseending eolon 

14 Mesentery 

15 Microvillus brush border 



Loop of small intestíne from unembalmed eadaver, opened to show circular folds 

Anterior view 


1 Duodenal end 

2 lleal end 

3 Jejunum 

4 lleum 

5 Circular folds 


6 Simple columnar epithelium 

7 Goblet eell 

8 Lamina propria 

9 Liver 

10 Stomaeh 
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The panereas is a pinkish glandular structure situated posterior to the stomaeh 
in the retroperitoneal spaee of the abdominal eavity. It arises as an outgrowth 
of the duodenum during development and retains this eonneetion via the pan- 
ereatie duct. It is a dual glandular organ eonsisting of both exocrine and endoerine glandular tissue. It has 
four basie regions: a head, neek, body, and tail. The exocrine glands and ducts produce and deliver the 
powerful digestive enzymes to the small intestine. 
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1 Tail of panereas 

2 Body of panereas 

3 Head of panereas 

4 llneinate proeess of panereas 

5 Panereatie duct (of Wirsung) 

6 Major duodenal papilla 

7 Exocrine acinus 

8 Panereatie ductule 

9 Panereatie islet (endoerine eells) 

10 Trabecula 

11 Duodenum 

12 Liver 

13 Gallbladder 

14 Common bile duct 

15 Spleen 

16 Diaphragm 
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Abdominal disseetion with part of liver 
and peritoneal organs removed 

Anterior view 
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Photomierograph of panereas 
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Besides panereatie juice 5 the other se- 

_ eretory product emptied into the duo- 

denum is bile. The biliary system, which 
also develops as an embryonie outgrowth of the duodenum, includes the liver, the gallbladder, and 
assoeiated ducts. The rounded, wedge-shaped liver, the largest organ of the abdomen, occupies a 
major portion of the upper right peritoneal eavity. The gallbladder is a pear-shaped, saccular organ situ- 
ated in a depression on the inferior surface of the right lobe of the liver where it is a storage organ of the 
bile that is produced in the liver. Connecting the gallbladder to the eommon hepatie bile duct is the eystie 
bile duct. The junction of these ducts forms the main bile duct that drains into the duodenum. The liver 
is the largest and most important metabolie organ in the body, which in addition to producing the impor- 
tant bile salts assoeiated with digestion, performs a myriad of metabolie functions. 

1 Right lobe of liver 7 Hepatie artery 12 Oentral vein 

2 Left lobe of liver 8 Hepatie portal vein 13 Hepatie sinusoid 

3 Caudate lobe of liver 9 Round ligament 14 Braneh of hepatie artery 

4 Quadrate lobe of liver 10 Inferior vena eava 15 Bile duct 

5 Gallbladder 11 Hepatoeytes 16 Braneh of hepatie portal vein 

6 Cystic bile duct 





Photomierograph of liver lobule 

50x 


of eentral vein 


Photomierograph of po 

150x 



Liver and gall bladder 

Inferior view, posterior at top 
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The large intestine is much shorter than the small intestine, 

_ averaging about 1.5 meters in length, but typieally has a greater 

diameter, therefore the name. The large intestine eonsists of 
the cecum, appendix, eolon, and rectum. The cecum reeeives indigestible material from the small intestine and 
then moves it through the subdivisions of the eolon — the aseending eolon, transverse eolon, deseending 
eolon, and sigmoid eolon — before it enters the terminal portion of the guttube, the rectum. The large intestine 
is primarily a drying and storage organ of indigestible plant fibers. Minimal absorption of fluids occurs in the 
large intestine as the feeal eontents are stored prior to evacuation. 


1 Cecum 

2 Vermiform appendix 

3 Aseending eolon 

4 Right eolie (hepatie) flexure 

5 Transverse eolon 


9 Rectum 

10 Omental or fatty appendiees 

11 Haustra 

12 Taeniae eoli 

13 Absorptive eells 


17 Lamina propria 

18 Tela submucosa 

19 lleum (cut) 

20 Duodenal-jejunal junction (cut) 

21 Stomaeh 



6 Left eolie (splenie) flexure 

7 Deseending eolon 

8 Sigmoid eolon 


14 Goblet eells 

15 Intestinal glands 

16 Muscularis mucosae 


Photomierograph of of large 

intestine mucosa 

100x 



22 Root of the mesentery (cut) 




Disseetion of abdominal eavity with jejunum and ileum removed 

Anterior view 


Portion of deseending eolon 

Anterior view 
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Mesenteries are refleetions of the serous peritoneal membrane from the parietal layer 

_ lining the posterior abdominal wall to the viseeral layer eovering the peritoneal abdominal 

organs. The mesenteries not only support the digestive organs and help anehor them in 
the abdominal eavity, but also are the pathways for the vessels and nerves that supply the peritoneal organs. 


1 Transverse mesoeolon 

2 The mesentery partially disseeted to reveal vessels 

3 Greater omentum 

4 Superior mesenterie vein and tributaries 

5 Branehes of superior mesenterie artery 

6 Cecum 

7 Aseending eolon 

8 Transverse eolon 

9 Gallbladder 

10 Cystic bile duct 

11 Common hepatie bile duct 

12 Common bile duct 

13 Omental or fatty appendiees 

14 Stomaeh 

15 Small intestine 

16 Aorta 


17 Heart 

18 Vertebral column 

19 Traehea 

20 Aortie areh 

21 Pulmonary trunk 

22 Brain 

23 Tongue 

24 Sternum 

25 Rectum 

26 Bladder 

27 Prostate 

28 Testis 

29 Penis 

30 Pubic symphysis 

31 Diaphragm 

32 Esophagus 



Disseetion of the mesentery with jejunum and ileum removed 

Anterior view 



Sagittal seetion of head and trunk 

Medial view 
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Omenta are mesenterie structures that unite two digestive organs. These refleetions of the perito- 

_ neal membrane course from one abdominal digestive organ to another abdominal digestive organ, 

rather than from organ to body wall. There are two omenta in the abdominal eavity. The greater 
omentum is a peritoneal refleetion between the greater curvature of the stomaeh and the transverse eolon. The lesser 
omentum is a peritoneal refleetion between the lesser curvature of the stomaeh and the liver. 




Anterior body wall removed exposing body eavity 

Anterior view 

- J* . m* , ■ *^. AIl 4 • ** 


1 Greater omentum 

2 Lesser omentum 

3 Hepatogastrie ligament of lesser omentum 

4 Hepatoduodenal ligament of lesser omentum 

5 Hepatorenal part of eoronary ligament 

6 Faleiform ligament 

7 Transverse mesoeolon 

8 Liver 

9 Stomaeh 

10 Duodenum 

11 Transverse eolon 


12 Fossa for removed gallbladder 

13 Gallbladder 

14 Common hepatie bile duct 

15 Common bile duct 

16 Caudate lobe of liver 

17 Lung 

18 Heart 

19 Breast 

20 Diaphragm 

21 Epiploie foramen 

22 Spleen 



Disseetion of abdominal eavity with 
anterior aspeet of liver removed 

Antero-inferior view 



Superficial disseetion of abdominal eavity with liver elevated 

Antero-inferior view 


312 




LJrinary System 


Like the respiratory and digestive systems, the urinary system is an environmental 
exchange system. Like all the exchange systems of the body, the urinary system forms an immense interfaee with the eardio- 
vascular system for the single purpose of regulating the homeostatie balanee of the water environment (extracellular matrix) 
that surrounds every eell in the body. To make this exchange possible a 
large network of mieroseopie urinary tubes form an intimate 
interfaee with an equally large network of cardiovascular 
eapillaries. The urinary system eonsists of two 
blood proeessing eenters ealled the kidneys, two 
transport tubes ealled the ureters, a storage 
organ ealled the bladder, and a drain ealled the 
urethra. The kidneys continually produce 
urine, which is then moved via the 
ureters to the storage organ, the bladder. 

When it is eonvenient to remove the 
urine from the body, eontraetions in 
the wall of the bladder expell the 
urine through the urethra. 

In order to survive, every 
body eell requires a water environ- 
ment that is similar to the eompo- i 
sition of the oeeans in which 
cellular life first arose. The kidneys 
help maintain this intercellular 
water environment by filtering the 
blood and regulating its eontents 
so the blood ean help maintain 
the eorreet eomposition of the 
extracellular fluid that bathes every 
eell. By adjusting the amount of 
water in the plasma and the various 
plasma constituents, which are 
either eonserved for the body or 
eliminated in the urine, the kidneys 
are able to maintain water and 
eleetrolyte balanee within the very 
narrow range eompatible with life, 
despite wide variations in intake 
and losses of these constituents 
through other avenues. 



Find more infomation 
about the nrinary 
system in 
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The organs of the urinary system include 

_ the paired kidneys, paired ureters, bladder, 

and urethra. The urinary organs occupy the 
retroperitoneal and subperitoneal spaees in the abdominopelvie eavity, where they are 
surrounded by a large amount of adipose tissue and some areolar eonneetive tissue. The 
disseetion images on this and the faeing page depiet the organs of the urinary system 
and their relations to other organs in the abdominopelvie eavity. 


1 

Kidney 

7 Adrenal gland 

13 

Liver 

2 

Renal pelvis 

8 Aorta 

14 

Lumbar vertebra 

3 

Llreter 

9 Inferior vena eava 

15 

Hilum 

4 

Bladder 

10 Diaphragm 

16 

Perirenal fat 

5 

Renal vein 

11 Common iliae artery 

17 

Intestines 

6 

Renal artery 

12 Psoas major muscle 

18 

Mesenterie fat 




Disseetion of the retroperitoneal spaee of the abdominal eavity 

Anterior view 
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Level of seetion 


Transverse seetion of abdomen through kidneys 

Inferior view 


Disseetion of abdomen showing perirenal fat 

Anterior view 



Transverse seetion of abdomen at level of first lumbar vertebra 

Inferior view 
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The paired kidneys are the 

_ proeessing organs of the uri- 

nary system that filter the blood 
for the purpose of regulating the water and eleetrolyte balanee of the tissue fluid, while 
removing unwanted waste products from the body. They occupy the retroperitoneal 
spaee of the abdominal eavity immediately anterior to the 12th ribs. The ureters deseend 
from the kidneys lateral to the lumbar vertebrae, eross anterior to the psoas musculature 
and the eommon iliae vessels, and enter the pelvis to join the bladder. 


1 Hilum 

2 Renal pelvis 

3 Llreter 

4 Renal capsule 

5 Renal vein 


6 Renal artery 

7 Segmental artery 

8 Segmental vein 

9 Major calyx 
10 Minorcalyx 



Disseetion into mediilla of left kidney 

Posterior view 
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11 Renal cortex 

12 Renal pyramid 

13 Renal column 

14 Collecting tubule 

15 Glomerulus surrounded by urinary tubules 

16 Transitional epithelium of tunica mucosa 

17 Smooth muscle of tunica muscularis 

18 Connective tissue of tunica adventitia 


13 




M ■- 


Longitudinal seetion of renal cortex 



Transverse seetion of ureter 

200X 


Longitudinal seetion of renal pyramid 


400X 
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The bladder is the 

_ eonvenienee organ of 

the urinary system that 

stores the urine, which is continually being produced by the kidneys, until it is 
eonvenient to remove it from the body. Arising from the inferior surface of the 
bladder is the drain for the bladder ealled the urethra. It is a short tube in females 
and a much longer tube in males. The male urethra not only transports urine, but 
also is the passageway for sperm as it exits during ejaculation. 


Female 

1 Bladder 

2 Llrethra 

3 eiitoris 

4 Vagina 

5 Uterus 

6 Rectum 

7 Pubis 

8 Anus 

9 Labia majora 


Male (opposite page) 

1 Bladder 

2 Prostatie urethra 

3 Spongy urethra 

4 Prostate 

5 Penis 

6 Testis 

7 Scrotum 

8 Rectum 

9 Anus 

10 Pubis 

11 Transitional epithelium of tunica mucosa 
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Sagittal seetion of female pelvis 

Medial view 
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1 

Kidney 

8 

2 

llreter 

9 

3 

Bladder 

10 

4 

Renal artery 

11 

5 

Renal vein 

12 

6 

Aorta 

13 

7 

Inferior vena eava 

14 


Diaphragm 
Esophageal hiatus 
Celiac artery 
Left gastrie artery 
Splenie artery 
Common hepatie artery 
Superior mesenterie artery 


15 Inferior mesenterie artery 

16 Common iliae artery 

17 Common iliae vein 

18 Posas major muscle 

19 lliacus muscle 

20 Ductus deferens 

21 Femoral nerve 




Disseetion of urinary system 

Anterior view 
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Reproductive Systems 


The organs of the 

male and female reproductive (genital) systems have, as their 
primary role, the responsibility of producing the speeialized 
eells ealled gametes and making it possible for these eells to 
unite to form a new individual. The male gametes, the 
sperm, arise in the testes from meiotie divisions in the 
walls of the numerous seminiferous tubules. From here 
hundreds of millions of sperm make their way during 
ejaculation through a series of tubes — rete testis, efferent 
ductules, epididymis, ductus deferens, ejaculatory duct, 
prostatie urethra, intermediate urethra, spongy urethra 
that move the sperm out of the male genital system and 
introduce them into the female genital system. During this 
passage seeretions are added to the sperm by the prostate 
seminal, and bulbourethral glands to help proteet and 
nurture the sperm in their journey to unite with the 
female gamete. 

The sperm are introduced by the male intro- 
mittent organ, the penis, into the female vagina, 
which serves the dual function of being a penile 
reeeptaele and the birth eanal. Sperm deposited 
in the forniees of the vagina then enter the os 


of the uterine cervix and propel themselves to 
the top of the uterine eavity. Here the sperm 
enter the openings into the uterine tubes where 
they eontimie their journey toward the ovulated 
female gamete. 

After rupturing the surface of the ovary in an 
event ealled ovulation, the female gamete, the primary 
ooeyte, is swept into the ostium of the uterine tube by 
the fìngerlike fimbriae. Ciliary aetion of the uterine tube 
mucosa earry the the ooeyte down the uterine tube 
where the sperm and ooeyte make eontaet. If a sperm 
penetrates the ooeytes surrounding eells and mem- 
branes, then fertilization occurs and the DNA of the two 
eells unite to form a new individual ealled a zygote. Cell 
divisions give rise to the embryo, and eiliary aetions and 
muscular eontraetions in the wall of the tube move the 
embryo into the uterus, the mammalian equivalent of a 
nest, where the remainder of development will occur. 





Find more information 
abont the reproductive 


system in 
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The female genital organs eonsist of the internal genitalia and the external genitalia. The 
ovary, uterine tube, uterus, and vagina form the internal genitalia. These organs are respon- 
sible for production of the female gamete, the ooeyte, and for nourishing, proteeting, and 
delivering the new life that results from fertilization of the ooeyte by the sperm. The external 
genitalia eonsist of the ereetile tissues, glands, and folds of skin that proeteet the entry into 
the female internal genitalia. These organs are the elitoris, vestibular glands, and labia 
majora and minora. 
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1 Ovary 9 Labia minora 17 Reetiim 

2 (Jterine tube 10 Labia majora 18 Bladder 

3 Fimbriae 11 Mons pubis 19 (Jrethra 

4 Fundus of uterus 12 Broad ligament 20 Pubic symphysis 

5 Body of uterus 13 Round ligament of uterus 21 Cecum 

6 Cervix of uterus 14 Ovarian ligament 22 Sigmoid eolon 

7 Vagina 15 Vesicouterine pouch 23 lleum 

8 eiitoris 16 Rectouterine pouch 24 Mesentery 



Disseetion of female abdominoplevie eavity 

Superoanterior view 
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The ovaries are the site of o 
solid organs are approximate 
into the lower abdominal eavi 
eovered and supported by folds of the peritone 
potential ooeytes, surrounded by nursing follicul 
lions of eells only about 500 are ever ovulated du 
eells not only nurse the ooytes, but also are the e 
estrogens and progesterone. 


tion in the female. These 
helled almond and projeet 
the pelvis where they are 
e life, millions of oogonia, 
evelopment. Of these mil- 
oductive life. The follicular 
he ovary that produce the 


1 Ovary 

2 Tunica albuginea 

3 Primordial folliele 

4 Granulosa eells 

5 Theea folliculi 

6 Zona pellucida 

7 Primary ooeyte 

8 Seeonary folliele 

9 Follicular antrum 

10 Oorona radiata 

11 Corpus luteum 

12 lnfundibulum of uterine tube 

13 Ampulla of uterine tube 

14 lsthmus of uterine tube 

15 Fimbriae of uterine tube 

16 Round ligament of uterus 

17 Ovarian ligament 

18 Uterus 
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Photomierograph of ovary 


50x 


Ovary in situ 

Anterior view 
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The iiterine tubes, also ealled 

_ the oviducts orfallopian tubes, 

are suspended in the perito- 

neal fold, the broad ligament, along with the ovaries. In addition to transporting the ooeyte toward the 
uterus, they are the site of fertilization of the ooeyte by the sperm. The uterus is the thiek smooth muscle 
organ that functions as the internal nest of mammalian animals. Note the vascular and glandular ehanges 
exhibited by the uterine endometrium as it progresses through the menstmal eyele. 


1 llterine tube 

2 Fimbriae 

3 Mesosalpinx 

4 Fundus of uterus 

5 Body of uterus 

6 Cervix of uterus 

7 Vagina 

8 Mucosa of uterine tube 

9 Muscularis of uterine tube 


10 Peg eells 

11 Oiliated columnar eells 

12 Lamina propria 

13 Perimetriunn 
Endometrium: 

14 Stratum functionalis 

15 Stratum basalis 


Myometrium: 

16 Inner longitudinal muscle 

17 Middle circular muscle 

18 Outer longitudinal muscle 
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Photomierograph of tunica mucosa 

of uterine tube 


400x 


Photomierograph of uterine tube 
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Female internal genitalia 

Anterior view 


Photomierograph of uterine wall, 
2nd week of menstmal eyele left, 
3rd week of menstrual eyele right 

16x (left), 20x (right) 
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The vagina, from the Latin word meaning sheath, is the reeeptaele for the penis 
_ during sexual intercourse, the birth eanal, and the outlet for the menstmal flow. 

This musculartube has a proteetive mucosal lining of stratified squamous epithe- 
lium. Approximately 10 em (4 inehes) in length, it expands at its superior end to form a cufflike wrapping 
around the cervix of the uterus. The eaverns of the cufflike superior end are ealled the foniees, and it is 
in this region that the sperm are deposited during intercourse. 



1 Vagina 

2 Nonkeratinized stratified squamous epithelium of the mucosa 

3 Lamina propria of the mucosa 

4 Inner circular layer of tunica muscularis 

5 Outer longitudinal layer of tunica muscularis 

6 Adventitia 

7 Fundus of uterus 

8 Body of uterus 

9 Cervix of uterus 

10 Bladder 

11 Llrethra 

12 Rectum 

13 Rectouterine pouch 

14 Vesicouterine pouch 

15 Pubic symphysis 

16 eiitoris 



Sagittal seetion showing vagina in sitii 

Medial view 



Photomierograph of vaginal wall 

25x 
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Surrounding the 

_ openings of the 

vagina and ure- 

thra in the perineum of the female are the external genital structures. Bounding the openings on 
either side are the folds of skin ealled the labia majora and labia minora. Between these folds is 
the eommon entry way to both urethra and vagina, the vestibule. Deep to the labial skin are the 
ereetile tissues of the female, the elitoris and bulb of the vestibule. The greater vestibular glands 
empty their lubricating seeretions into the vestibule and opening of the vagina. 


1 

Body of elitoris 

7 lschiocavernosus muscle 

13 

Gluteus maximus muscle 

2 

Crura of elitoris 

8 Bulbospongiosus muscle 

14 

Gluteus medius muscle 

3 

Bulb of vestibule 

9 isehioanal fossa 

15 

lschium 

4 

Greater vestibular gland 

10 Perineal membrane 

16 

Graeilis muscle 

5 

Vestibule 

11 Deep perineal faseia 

17 

Adductor muscles 

6 

Transverse perenei superficialis 

12 Headoffemur 

18 

Femoral artery 




Perineal disseetion revealing details of external genitalia 

Inferior view 
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Like the female, there are 

_ both internal and external 

genital organs in the male. 

The major differenee between the sexes is the enlargement of the ereetile tissue organs of the male and 
the deseent of the gonads, the testes, from an internal position to a suspended position outside the body 
eavity. The male genital organs include the testes suspended in the scrotum. The testes eonsist of an ex- 
tensive tubular system that gives rise to the sperm, which then pass through the tubular ducts of egress — 
the rete testis, epididymis, ductus deferens, ejaculatory duct, and urethra — to exit from the male body. 
Aeeessory glands of the male join the ducts of egress and add seeretions to the sperm, and the ereetile 
intromittant organ, the penis, introduces the sperm into the female system. 


1 Serotiim 

2 Testis 

3 Glans penis 

4 Corpus cavernosum penis 

5 Corpus spongiosum penis 

6 Bulb of penis 

7 Spongy urethra 

8 Crus of penis 

9 Bulbourethral gland 

10 Prostate gland 

11 Seminal vesiele 

12 Bladder 

13 Pubic symphysis 

14 Rectus abdominis 

15 Rectum 

16 Sigmoid eolon 

17 Small intestine 

18 Sacrum 





Parasagittal seetion of male pelvis 

Medial view 
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The testes are the site of sperm pro- 

_ duction in the male. llnlike the solid, 

cellular ovaries, the testes are eollee- 
tions of small, highly eoiled tubes, the seminiferous tubules. Beginning at puberty the spermatogonia, 
sperm stem eells, in the walls of the seminiferous tubules begin meiosis and produce hundreds of mil- 
lions of sperm eells daily. From the testis the sperm are moved into the epididymis where they are 
stored and reaeh maturity priorto passing into the ductus deferens. 


Coelom of testis 
External spermatie faseia 
Cremaster muscle 
Tunica albuginea of testis 
Epididymis 
Seminiferous tubules 


7 Rete testis 

8 Spermatie eord 

9 Spermatogonium 

10 Primary spermatoeyte 

11 Seeondary spermatoeyte 

12 Spermatid 


13 Sertoli eell 

14 Basement membrane 

15 Interstitial eells (of Leydig) 

16 Sperm in lumen of epididymis 

17 Mucosa of epididymis 

18 Stereoeilia 
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Photomierograph of epididymis 


200x 
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Photomierograph of 
seminiferous tubules 

40x, callout 160x 
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Testis and spermatie eord 
with faseial eoverings 

Medial view 


Testis and spermatie eord 
with faseia removed 

Medial view 


Sagittal seetion of testis and 

spermatie eord 

Medial view 
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The ductus (vas) deferens is the muscular tube that transports sperm from the epididymis to the ejaculatory 
duct within the prostate gland. Peristaltie muscle eontraetions in the tube move the sperm. The ductus def- 
erens aeeompanies the testicular vessels and nerves within a wrapping of faseia and muscle, ealled the 
spermatie eord. The eord extends from the testis to the superficial inguinal ring in the abdominal wall. 
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Disseetion of male genital structures 


Medial view 
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Photomierograph of 


ductus deferens 

30x, callout 400x 
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Disseetion of spermatie eord exiting superficial inguinal ring 


Anterior view 


Disseetion of inguinal eanal and spermatie eord 


Anterior view 
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1 Ductus deferens 

2 Pseudostratified columnar epithelium 

3 Lamina propria 

4 Inner longitudinal muscle layer 

5 Middle circular muscle layer 

6 Outer longitudinal muscle layer 

7 Testicular blood vessels 

8 External spermatie faseia 

9 Oremaster faseia 


10 Internal spermatie faseia 

11 Superficial inguinal ring 

12 lnguinal eanal 

13 Deep inguinal ring 

14 Penis 

15 Bladder 

16 Prostate gland 

17 Seminal vesiele 

18 Pubic symphysis 


19 llreter 

20 Rectus abdominis 

21 Superior ramus of pubis (cut) 

22 Inferior ramus of pubis (cut) 

23 Body of pubis (cut) 

24 Pudendal nerve and vessels 

25 Rectum (enlarged) 

26 Internal iliae artery 

27 External iliae artery (cut) 


28 Psoas major muscle 

29 lliacus muscle 

30 Sacrum 

31 Levator ani muscle 

32 Seiatie nerve 

33 Testis 

34 Obturator internus muscle 

35 Tendinous areh of levator ani 

36 Ampulla of ductus deferens 



Lateral disseetion of male pelvis Lateral disseetion of male pelvis 

Lateral view Lateral view 
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Disseetion of male pelvie eavity 

Superior view, bladder removed 
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Assoeiated with the male ducts of 

_ egress are three glands, often re- 

ferred to as the aeeessory sex glands 
of the male. The three named glands are the paired seminal glands (vesieles), the unpaired prostate gland, 
and the paired bulbourethral glands. They arise as epithelial outgrowths of terminal end of the male ducts 
of egress at the base of the bladder. They produce seeretions that proteet and nourish the sperm. 

7 Bladder 13 Crus of penis 

8 Ductus deferens 14 llium 

9 Ampulla of ductus deferens 15 isehial tuberosity 

10 Rectum 16 Obturator internus muscle 

11 Pubic symphysis 17 Levator ani muscle 

12 Bulb of penis 18 Deep transverse perineal muscle 




Parasagittal seetion revealing prostate 

and bulbourethral glands Photomierograph of prostate gland 

Medial view 200x 


1 Seminal vesiele 

2 Prostate gland 

3 Bulbourethral gland 

4 Seeretory epithelium 

5 Trabecula 

6 Blood vessel 
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The penis is the intromittent organ of the male external genitalia through which the long 

_ urethra 5 in eomparison to the female, courses as it transports both urine and semen from 

the male body. Along with the urethra, the penis eonsists of three masses of ereetile tis- 
sue. On the dorsal aspeet of the body of the penis are the paired eorpora eavernosae. These ereetile tissue 
bodies are the prineipal tissues of penile ereetion. At the base of the penis eaeh corpus cavernosum ex- 
tends laterally to form the crura of the penis. Eaeh crus attaehes to the inferior pubic ramus. On the ventral 
aspeet of the penis is the slender unpaired corpus spongiosum, which surrounds the spongy urethra. The 
corpus spongiosum expands distally as the glans penis, which forms the expanded tip of the penis. It ex- 
pands proximally to form the bulb of the penis in the perineum beneath the prostate gland. The glans is 
eovered by a hood of skin, the prepuce, which ean be removed via circumcision. 



1 Glans penis 7 

2 Corpus cavernosum penis 8 

3 Corpus spongiosum penis 9 

4 Crus of penis 10 

5 Bulb of penis 11 

6 Spongy urethra 12 


Deep dorsal vein 

Tunica albuginea of corpus spongiosum 
Tunica albuginea of corpus cavernosum 
Deep (cavernous) artery of penis 
Intermediate (membranous) urethra 
Prostatie urethra 


13 Ampula of ductus deferens 

14 Pubic symphysis 

15 Testis 

16 Ejaculatory duct 

17 Bladder 

18 Suspensory ligament of penis 


7 



Sagittal seetion of penis in situ 

Medial view 
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A 

abducens nerve 224,241 

abductor digiti minimi 190 

abductor digiti minimi, hand 138, 188, 193, 194 

abductor digiti minimi, foot 207, 209 

abductor hallucis 207, 209 

abductor pollieis brevis 188, 193, 194 

abductor pollieis longus 190 

absorptive eells 310 

aeeessory eephalie vein 276 

aeeessory hemi-azygos vein 278 

aeeessory nerve 224,241,245 

aeeessory proeess 77 

acetabular labmm 135 

acetabular noteh 105 

acetabulum 105 

basophils 251 

ehromophobes 251 

aeidophils 251 

aeromial angle 88 

aeromial artery 275 

aeromial end 86 

aeromial faeet 86 

acromioclavicular ligament 133 

aeromion 88, 133 

adductor brevis 202 

adductor halhieis 209 

adductor longus 170, 197, 201, 202, 284, 286 

adductor magnus 142, 197, 199, 202, 203 

adductor minimis 199, 202, 203 

adductor muscles 135, 327 

adductor pollieis 188,193,194 

adductor tubercle 109 

adenohypophysis 251, 252 

adipose eell membrane 24 

adipose tissue 19 

adrenalgland 314 

adventitia 326 

aíferent lymphatie vessels 288 
ala of vomer 67 
ala or wing of saeram 78, 106 
alpha eell 257 

alveolar part of mandible 62 

alveolar proeess of maxilla 60 

alveolar spaees of hrngs 295,297 

ampula of ductus deferens 331, 332, 333 

ampulla of uterine tube 324 

anatomieal neek of humerus 90 

anconeus 190 

angle of rib 81 

angle of mandible 62 

ansa eerviealis 216 

antebraehial faseia 178 

anterior antebraehial muscles 177, 178 

anterior areh of atlas 74 

anterior articular faeet of dens 74 

anterior belly of digastricus 145, 146, 148, 151, 155, 168, 229 

anterior border of tibia 111, 112 

anterior border of ulna 92 

anterior border of radius 94 

anterior eardiae vein 263, 270 

anterior eerebral artery 224, 242, 272 

anterior circumflex humeral artery 275 

anterior elinoid proeess 58 

anterior communicating artery 272 

anterior eranial fossa 49 

anterior eraeiate ligament 136 

anterior cutaneous braneh of femoral nerve 221 

anterior cutaneous branehes (ventral rami) 221 

anterior faeet for calcaneus 116 


anterior funiculus of white matter 232 
anterior gluteal line 106 
anterior inferior iliae spine 106 
anterior intereondylar area 111 
anterior interosseous artery 188, 276 
anterior interventricular artery 263, 264, 270 
anteriorlimb 71 

anterior lobe of cerebellum 240, 242 
anterior longitudinal ligament 126 
anterior median fissure 234 
anterior nasal spine 60 
anterior perforated substance 241 
anterior proeess of malleus 71 
anterior saeral foramina 78 

anterior sealene 167, 168, 170, 184, 216, 217, 223, 268, 269, 275, 293 

anterior superior iliae spine 106 

anterior surface of patella 122 

anterior talar articular surface 117 

anterior thigh nmseles 177 

anterior tibial artery 286 

anterior tibial vessels 205 

anterior tibiofibular ligament of tibiofibular syndesmosis 124 

anterior tubercle of anterior areh of atlas 74 

anterior tubercle of eostal proeess of eervieal vertebrae 74 

anterior vagal trank 222, 268 

antitragicus 147, 149 

anular ligament 134 

anulus fibrosus of intervertebral dise 126 
anus 318 

aorta 126, 222, 256,263, 264, 268, 269, 270, 278, 281, 284, 293, 301, 311, 314, 320 
aorta 222 

aortie areh 254,311 

aortie impression 297 

aortievalve 264 

aortieorenal ganglion 222 

apex of saeram 78 

apex of patella 122 

apexofheart 264 

apexoflung 297 

apex of head of fibula 112 

apex of petrous part of temporal bone 56 

apoerine seeretory eell 23 

arcuate line of ilmm 106 

arcuate line of abdomen 170 

arreetor pili muscle 23 

arteriole 255 

articular (synovial) eavity 134, 135, 136 
articular eartilage 128,133, 134, 136 
articular eartilage of acetabulum 135 
articular eartilage of femur 135 
artiofiar circumference 92, 94 
articular dise 132 
articular faeet of radius 94 
articular faeet for talus 112 
articular faeet for tibia 112 
articular faeet of tubercle 81 
articular faeets of head 81 
articular surface of patella 122 
articular surface for calcaneus 118 
articular surface for cuboid 117, 118, 119 
artiofiar surface for fifth metatarsal 118 
articular surface for first metatarsal 119 
articular surface for fourth metatarsal 118, 119 
articular surface for intermediate cuneiform 118 
artiadar surface for lateral cuneiform 118, 119 
articular surface for medial cuneiform 118, 119 
articular surface for middle cuneiform 119 
articular surface for navicular 118, 119 
artioflar surface for seeond metatarsal 119 
articular surface for seeond metatarsal 119 
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artioilar surface for seeond metatarsal 119 
artieiilar surface for talus 118 
articular surface for third metatarsal 119 
articular surface with eapitate 99 
articular surface with fifth metaearpal 99 
articular surface with first metaearpal 99 
articular surface with fourth metaearpal 99 
articular surface with hamate 99 
articular surface with lunate 99 
articular surface with pisiform 99 
articular surface with radius 99 
articular surface with seaphoid 99 
articular surface with seeond metaearpal 99 
articular surface with third metaearpal 99 
articular surface with trapezmm 99 
articular surface with trapezoid 99 
articular surface with triquetrum 99 
articular surface with triquetrum 99 
articular tubercle of temproal bone 56, 132 
articularis genus 201,202 
ary-epiglottie part of oblique arytenoid 156 
aryepiglottie fold 153 
aseending eervieal artery 275 
aseending eolon 281, 301, 310, 311 
aseending pharyngeal artery 271 
atlas 155,242,251,252 
auricular surface of saemrn 78 
auricular surface of ilium 106 
auricularis anterior 145, 147, 148 
auricularis posterior 147, 148, 163, 226 
auricularis superior 145, 147, 148 
auriculotemporal nerve 226 
autonomic nerve plexus 256 
axillary artery 275 
axillary nerve 217 
axis 155,242,251,252 
axon 16, 213, 251 
pituicytes 251 
azygos vein 222, 269, 278 

B 

basal eell 6, 8, 230 

base of metatarsal 120 

base of phalanx of toes 121 

base of patella 122 

base of metaearpal 101 

base of phalanx of hand 101 

basement membrane 6, 8, 259, 329 

basilar artery 271, 272 

basilievein 276 

beta eell 257 

bieeps braehii 134, 140, 142, 170, 177, 178, 180, 182, 184, 186, 187, 190, 217, 276 
bieeps femoris 142, 197, 199, 202, 203, 286 
bicuspid valve 264 
bile duct 309 

bladder 256, 258, 282, 301, 311, 314, 318, 320, 323, 326, 328, 331, 332, 333 

bladder 332 

bloodplasma 262 

blood vessel 6, 21, 24, 72, 140, 332 

bodyofhyoid 72 

body of stermim 82 

bodyoftalus 116 

body of elitoris 327 

bodyoffornix 242 

bodyofilium 106 

bodyofincus 71 

body of isehmm 107 

body of mandible 62 

body of panereas 308 

body of pubis 107, 331 

body of stomaeh 305 

body of uterus 323, 325, 326 

body of vertebra 126 

body or shaft of rib 81 

bone 22 
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bone marrow 26 
bone trabeoda 12 
bony nasal eavity 36, 40 
bony nasal septum 47, 153, 155 
bony palate 40, 44 
braehail artery 187, 188, 275, 276 
braehial plexus 275 
braehialvein 276 

braehialis 134, 140, 180, 184, 186, 187, 188, 190, 269 
braehioeephalie artery 223, 254, 263, 264, 269, 270, 275 
braehioeephalie vein 278 

braehioradialis 132, 134, 142, 180, 184, 186, 190, 269, 276 
brain 132,311 
hepatie artery, braneh of 309 
hepatie portal vein, braneh of 309 
superior mesenterie artery, branehes of 311 
bronehiole network, branehing 298 
breast 312 
broad ligament 323 
bronehial tree 293 
bronehiole 295, 97 
bronehiole eartilage 295 
faeial nerve, buccal branehes 226 
trigeminal nerve, buccal braneh 228 
buccinator 145, 146, 149, 151, 155, 227, 229 
bulb of penis 328, 332, 333 
bulb of vestibule 327 
bulbospongiosus nrnsele 174, 327 
bulbourethral gland 328, 332 

e 

ealeaneal proeess 118 

ealeaneal sulcus 117 

ealeaneal tendon 197. 206, 207 

ealeaneal tubercle 117 

ealeaneal tuberosity 117 

calcaneus 114 

ealearine sulcus 238 

canaliculi 12, 26 

eanine fossa 60 

eapillary 6, 255 

eapillary lumen 6 

eapitate 97, 99 

capitulum 90, 134 

eardia of stomaeh 305 

eardiae muscle eell 15 

eardiae noteh 297 

earotid eanal 56 

earotid sinus 216 

earotid sulcus 58 

earpal articular surface 94 

earpalbones 27 

earpal tunnel 194 

earpals 30, 32, 84 cauda equina 214, 232 

caudate lobe of liver 309, 312 

caudate nucleus 241, 242, 245 

cecum 301,307,310,311,323 

eeliae artery 256, 281, 320 

eeliae trunk 222 

eentral eanal of osteon 12, 26 

eentral eanal of spinal eord 232 

eentral lobule 240 

eentral sulcus 234, 238 

eentralvein 309 

eephalievein 276 

eerebellar fossa 54 

eerebellar veins 272 

eerebelhim 214, 224, 227, 232, 234, 236, 238, 245, 248, 250, 251, 252, 291 

eerebral aqueduct 240, 242, 245 

eerebral crus 241 

eerebral fossa 54 

eerebral peduncle 224, 242, 252 

eerebral veins 272 

eerebram 214, 227, 229, 232, 248, 251, 303 
eervieal dorsal rootlets 214 


eervieal lordosis 73 
sympathetie trank 272 
eervieal transverse proeess 272 
eervieal vertebra 213 
eervieal vertebra 1 - atlas 34 
eervieal vertebra 2 - axis 34 
eervieal vertebra 7 34 
eervieal vertebrae 73 
eervieal vertebral column 34 
cervix of uterus 323, 325, 326 
ehief eell 255 

ehoana or posterior nasal aperture 40, 44 
ehondroeyte in lacuna 12 
ehondroeyte nucleus 12 
ehorda tympani nerve 228 
ehordae tendineae 264 
ehoroid plexus 224, 227, 245, 248 
ehromophobes 251 
eilia 6 

eiliary ganglion 224 
eiliated columnar eells 325 
cingulate gyrus 245 
circular folds 307 
circular gyrus 242 

circumflex braneh of left eoronary 270 
circumflex scapular artery 275 
elaviele 30, 32, 84, 85, 133, 180, 184, 217, 269, 275 
clavicular artery 275 
clavicular faeet 88 
clavicular noteh 82 
elitoris 258,318,323,326 
clivus 49, 54 
eoeeygeal cornu 78 
coccyx 73, 174 
eoehlea 242 
eoeliae ganglion 222 
eoeliae trank 269 
eoelom of testis 329 
eollagen fiber 10, 12, 140 
of spinal nerve 220 

eollateral ligament of interphalangeal joint 128 

eolleeting tubule 317 

eommon bile duct 257, 308, 311,312 

eommon earotid artery 168, 184, 213, 216, 229, 254, 271, 275, 293 

eommon digital artery 276 

eommon hepatie artery 269, 281, 320 

eommon hepatie bile duct 311, 312 

eommon iliae artery 256, 269, 281, 282, 284, 314, 320 

eommon iliae vein 320 

eompaet bone 19, 26, 29 

eonehal erest 66 

eondylar eanal 54 

eondylar fossa 54 

eondylar proeess 62 

eonfhienee of sinuses 214, 272 

eonneetive tissue 12 

eonoid tubercle 86 

conus arteriosus braneh 263, 270 

conus medullaris 232 

eoraeobraehialis 180, 182, 184, 186, 276 

eoraeoid proeess 88,182,186 

eorona radiata 258, 324 

eoronary sinus 263, 270 

eoronoid fossa 90 

eoronoid proeess 62, 92 

eorpora quadrigemina 224 

corpus callosum 227, 236, 242, 248, 250, 291 

corpus cavernosum penis 328, 333 

corpus luteum 258, 324 

corpus spongiosum penis 328, 333 

corpuscle of touch (meissner s) 230 

eorragator supercilii 145 

eostal eartilage 81 

eostalgroove 81 


eostal impression 297 
eostal notehes 82 
costalpleura 173 

eostoehondral (synehondrosis) 126 

eranial bones 30, 32 

eranial dura mater 247 

eranial leptomeninges 247 

cranium 34 

eremaster faseia 331 

eremaster muscle 329 

erenated red blood eell 14 

erest of body of rib 81 

erest of greater tubercle 90 

erest of head of rib 81 

erest of lesser tubercle 90 

eribriform foramina 64 

eribriform plate 64 

erieoid eartilage 153, 156, 213, 254, 293, 295 

erieothyroid 151, 156, 168, 223, 254, 268, 293 

erista galli 64 

erista terminalis 264 

crown of tooth 124 

erara of elitoris 327 

erara of diaphragm 256 

eras of penis 332, 328, 333 

cuboid 114, 118 

cuboid tuberosity 118 

culmen 240 

cuneiform part of vomer 67 
cutaneous nerve 24, 170 
eystie bile duct 309, 311 
eytoplasm 6, 8, 10 

D 

deelive 240 

deep (cavernous) artery of penis 333 

deep artery of arm 275 

deep artery of thigh 284 

deep dorsal vein 333 

deep external anal sphineter muscle 174 

deep femoral artery 269 

deep fibular nerve 210 

deep inguinal ring 331 

deep palmar areh 276 

deep perineal faseia 327 

deep transverse perinei muscle 174, 332 

deltoid 133, 142, 147, 160, 163, 168, 170, 173, 177, 178, 180, 184, 217, 275, 276 

deltoid artery 275 

deltoid tubercle 88 

deltoid tuberosity 90 

deltopeetoral groove 276 

dendrite 16, 213 

dens 74 

dense eonneetive tissue of stratum retiadare 21 

dense irregular eonneetive tissue 19 

dentate gyrus 242 

depressor anguli oris 145, 146, 149 

depressor labii inferioris 145, 146, 149 

depressor supercilii 145 

dermal papilla 21, 230 

dermis 19, 22, 230 

deseending eolon 281, 301, 307, 310 

developing diaphysial bone 27 

diaphragm 173, 218, 222, 256, 278, 281, 264, 293, 301, 308, 311, 312, 314, 320 

diaphragmatie pleura 173 

diaphragmatie surface of lung 297 

diaphysis 29 

dieneephalon 234 

digastrie fossa 62 

diploé 47 

distal phalanx of foot 114 
distal phalanx of hand 97 
dorsal horn of gray matter 232 
dorsal interossei of hand 190, 193, 194 
dorsal interossei of foot 209 
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dorsal ramus of spinal nerve 213, 214, 215, 232 

dorsal root ganglion 213,232 

dorsal root of spinal nerve 213,232 

dorsal rootlets 213 

dorsal scapular artery 275 

dorsal scapular nerve 217 

dorsal tubercle of radius 94 

dorsalis pedis artery 210 

dorsolateral fasciculus 232 

dorsum sellae 58 

ductus deferens 320, 331, 332 

duodenal end 307 

duodenal-jejunal junction 310 

duodenum 257,281,301,308,312, 

dura mater 214, 229, 272 

dural venous sinus 247 

E 

eeerine duct eell 23 
eeerine seeretory eell 23 
eeerine sweat glands 22 
efferent lymphatie vessels 288 
ejaculatory duct 333 
elastie fiber 10, 12 
elastie lamella 10, 266 
endocardium 264 
endometrium 325 
endomysium 140 
endoneurium 213 
endothelium of tunica intima 266 
epicardium 264 

epieranial aponeurosis 145, 147, 149 
epidermis 19, 21, 22 
epidermis 24, 230 
epididymis 259, 329 

epiglottis 153, 155, 156, 251, 291, 295, 303 
epimysium 140 
epineurium 213 
epiphyses 29 

epiphysial eartilage or primary cartilaginous joint 126 

epiphysial line 29 

epiploie foramen 312 

epithelioreticular eell 253 

eponychium (cuticle) 22 

erythroeyte (red blood eell) 14, 262 

esophageal hiatus 222, 278, 320 

esophageal plexus 222, 268 

esophagus 153, 173, 223, 254, 268, 278, 293, 301, 304, 311 

ethmoid air eell 291 

ethmoidal air eells 47, 64, 155, 291 

ethmoidal bulla 64 

ethmoidal groove 68 

ethmoidal infundibulum 64 

ethmoidal noteh 50 

ethmoidal proeess 69 

exocrine acinus 257, 308 

extensor earpi radialis brevis 190 

extensor earpi radialis longus 180, 190 

extensor earpi ulnaris 190 

extensor digiti minimi 190 

extensor digitomm 190 

extensor digitomm brevis 205, 206, 210 

extensor digitomm longus 205, 206, 210 

extensor hallucis longus 205, 206, 210 

extensor hallucis brevis 205, 210 

extensor indieis 190 

extensor pollieis brevis 190 

extensor pollieis longus 190 

extensor retinaculum 205 

external acoustic meatus 56,132, 151, 229, 272 

external capsule 242 

external earotid artery 216, 227, 271 

external iliae artery 135, 269, 282, 284, 331 

external iliae vein 284 

external intereostal 159, 160, 163, 167, 168, 170, 173, 180, 184, 215 
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external lamina of rectus sheath 170 

external oblique 142, 159, 163, 177, 178, 180, 184, 215 

external oblique aponeurosis 180 

external oblique muscle (deep lamina) 167, 170, 173 

external oblique muscle (superficial lamina) 167, 170, 173 

external oeeipital protuberance 54 

external pudendal vein 286 

external spermatie faseia 329, 331 

external table of ealvaria 47 

eye 224 

F 

faeet for dens 74 
faeial artery 271 
faeial colliculus 241 
faeial nerve 224, 241, 242 
faleiform ligament 312 
false ribs 81 
falx eerebelli 224 

falx eerebri 224, 227, 242, 245, 248, 251, 252 

faseia 19, 24, 140 

faseia lata 284, 286 

faseia of gluteus medius muscle 159 

fat storage vacuole of adipose eell 24 

femoral artery 269, 284, 286, 288, 327 

femoral braneh of genitofemoral nerve 218, 221 

femoral nerve 218, 286, 288, 320 

femoral vein 284, 286, 288 

femur 30, 32, 104, 128, 136, 199, 201,202, 206 

fibroblast 10 

fibromuscular membrane 254, 295 

fibrous membrane of joint capsule 128, 133, 136 

fibrous pericardium 173, 264 

fibula 19, 30, 32, 104, 124, 128, 136, 206, 207 

fibular artery 286 

fibular articular faeet 111 

fibular eollateral ligament 136 

fibular noteh 111 

fibular troehlea 117 

fibularis brevis 197, 205, 206, 207, 210 

fibularis longus 197, 205, 206, 207, 209, 210 

fibularis tertius 205, 206 

fihim terminale 214 

fimbriae 323,324,325 

first lumbar vertebra 232 

first rib 269, 275 

flexion erease line 21 

flexor earpi radialis 188, 190, 193 

flexor earpi ulnaris 188,193 

flexor digiti minimi brevis of hand 138, 188, 193, 194 

flexor digiti minimi brevis of foot 209 

flexor digitomm brevis 207, 209 

flexor digitomm longus 197, 207, 209 

flexor digitomm profundus 138, 188, 193, 194, 276 

flexor digitomm superficialis 138, 188, 193, 194, 276 

flexor hallucis brevis 207, 209 

flexor hallucis longus 207, 209 

flexor pollieis brevis 188, 193, 194 

flexor pollieis longus 188, 190, 193 

flexor retinaculum 193 

floatingribs 81 

flocculus 240, 241, 242 

folia of eerebelhim 240 

folliele wall 22 

follicular antmm 258. 324 

follicular eell 254 

footplate of stapes 71 

foramen caecum 49 

foramen laeemm 44, 49 

foramen magnum 54 

foramen ovale 58 

foramen rotundum 58 

foramen spinosum 58 

fornix 236, 245 

fossa for removed gallbladder 312 


fossa ovalis 264 

fourth ventriele 224, 227, 236, 241,242, 245, 248, 250, 252, 291 
fovea for ligament of head 109, 135 
frietion ridges 21 
frontal angle 52 

frontal belly of oeeipitofrontalis 145, 146, 148, 155, 227 
frontal bone 36, 38, 42, 47, 49 
frontal border 52 
frontal erest 50 

frontal lobe of eerebram 155, 224, 234, 236, 242, 245, 250, 272, 291 

frontal noteh or foramen 50 

frontal proeess of maxilla 60 

frontal proeess of zygomatie bone 65 

frontal tuber 50 

fundus of stomaeh 305 

fundus of uterus 323, 325, 326 

G 

galea aponeurotica 227 

gallbladder 257, 301, 305, 308, 309, 311, 312 

gastrie glands 305 

gastriepit 305 

gastrie ragae 305 

gastrocnemius 136, 142, 197, 202, 203, 205, 206, 207 

gastroduodenal artery 281 

geniculate ganglion 224 

genioglossus 151, 155 

geniohyoid 151, 155, 168, 229 

genital braneh of genitofemoral nerve 218 

genitofemoral nerve 218 

gingiva 124 

glabella 50 

glandular himen 8 

glans penis 328, 333 

glenoid eavity 88,133 

glenoid labram 133 

globus pallidus 242 

glomerulus surrounded by urinary tubules 317 
glossopharyngeal nerve 224, 241 
gluteal imiseles 178 
gluteal tuberosity 109 

gluteus maximus 142, 159, 173, 174, 197, 199, 203, 218, 284, 327 
gluteus medius 135, 170, 173, 199, 202, 203, 218, 220, 327 
gluteus medius 199 

gluteus minimis 135, 170, 173, 199, 201, 218 
goblet eell 307,310 

graeilis 197, 199, 201, 202, 203, 284, 327 

granular foveolae 49 

granulosa eells 324 

gray communicating ramus 222 

great auricular nerve 226 

great auricular nerve 216 

great eardiae vein 263, 270 

great saphenous vein 284, 286, 288 

greater cornu of hyoid bone 153 

greater curvature of stomaeh 305 

greater horn of hyoid bone 72 

greater oeeipital nerve 215, 221, 226 

greater omentum 301, 305, 311, 312 

greater palatine foramen 44 

greater palatine groove 60, 66 

greater palatine nerve 226 

greater seiatie noteh 105 

greater splanehnie nerve 222 

greater troehanter 109,135 

greater tubercle 90, 180, 182, 186, 187 

greater tympanie spine 56 

greater vestibular gland 327 

greaterwing 58 

groove for extensor muscle tendons 94 
groove for fibularis longus 117, 118 
groove for flexor hallucis longus 116, 117 
groove for oeeipital sinus 54 
groove for popliteus 109 
groove for radial nerve 90 


groove for sigmoid sinus 47, 52, 56 

groove for superior sagittal sinus 50, 52, 54 

groove for transverse sinus 54 

groove for ulnar nerve 90 

groove for vertebral artery 74 

grooves for middle meningeal artery 52 

growth plate 27 

gustatory hair 230 

gustatory reeeptor eell 230 

gyras 234 

H 

hair 22,23 

hairfolliele 23 

hamate 97, 99 

handle of malleus 71 

hard palate 155, 227, 291, 303 

haustra 310 

headofrib 81 

head of ulna 92 

head of femur 135, 327 

head of malleus 71 

head of mandible 62 

head of metaearpal 101 

head of panereas 308 

head of phalanx 101 

headofradms 134 

head of stapes 71 

heart 268,301,311,312 

helieis major 147, 149 

helieis minor 147, 149 

hemi-azygos vein 278 

hepatie artery 309 

hepatie portal vein 281, 282, 309 

hepatie simisoid 309 

hepatievein 278,281 

hepatoeytes 309 

hepatoduodenal ligament of lesser omentum 312 

hepatogastrie ligament of lesser omentum 312 

hepatorenal part of eoronary ligament 312 

hiatus for greater petrosal nerve 56 

hiatus for lesser petrosal nerve 56 

hilumoflung 297 

hihim of kidney 314,316 

hook of hamate or hamulus 99 

horizontal plate 66 

humerus 30, 32, 84, 133, 184, 187 

hyaline eartilage of traeheal ring 295 

hyaline ground substance 12 

hyoglossus 149, 151, 155 

hyoidbone 34, 151, 155, 156 

hypoglossal eanal 54 

hypoglossal nerve 216, 224, 228, 241 

hypoglossal tubercle 241 

hyponychium 22 

hypophysial fossa 58 

hypothalamus 236, 245, 250, 251 

hypothenar nmseles 177, 178 

I 

ileal arteries 281 

ileoeolie artery 281 

ileum 281,301,307,310,323 

iliae erest 106, 164 

iliae fossa 106 

iliae tuberosity 106 

ilioeostalis eervieis muscle 160 

ilioeostalis himboram muscle - lumbar part 160 168 

ilioeostalis lumborum muscle - thoraeie part 160 

ilioeostalis muscle 159, 164, 220 

iliohypogastrie nerve 218 

iliohypogastrie nerve 220 

ilioinguinal nerve 218 

iliopsoas muscle 170 

iliotibal traet 178, 197, 199, 201, 203 

ilium 106,199,203,332 
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impression for costoclavicular ligament 86 
ineisive eanal 47, 60 
ineisive fossa 44 
incus 71 

inferior alveolar nerve 228 

inferior angle of seaprda 88, 182, 186 

inferior articular proeess/faeet 74, 76, 77 

inferior articular surface 111 

inferior border of nasal bone 68 

inferior eardiae plexus 222 

inferior eerebellar peduncle 241 

inferior ekineal nerve 218, 221 

inferior colliculus 236, 241, 245, 252 

inferior eompartment of articular eavity 132 

inferior eostal faeet 76 

inferior epigastrie vessels 170, 201 

inferior frontal gyrus 234, 238 

inferior gemelhis 173, 199, 202, 203, 218 

inferior gluteal artery 282, 284 

inferior gluteal line 106 

inferior gluteal nerve 218 

inferior lateral braehial cutaneous nerves 221 

inferior lateral genicular artery 286 

inferiorlobe 297 

inferior longitudinal muscle 151, 155 

inferior medial genicular artery 286 

inferior mesenterie artery 269, 281, 282, 320 

inferior mesenterie vein 281, 282 

inferior nasal eoneha 36, 40, 47, 155, 227, 291 

inferior nasal meatus 36, 40, 47 

inferior nuchal line 54 

inferior oblique 149 

inferior orbital fissure 40 

inferior parathyroid gland 255 

inferior pharyngeal eonstrietor 147, 149, 151, 153, 155, 229 

inferior pubic ramus 107, 331 

inferior rectus 149, 155 

inferior sagittal sinus 272 

inferior temporal gyrus 238 

inferior temporal line 52 

inferior thyroid artery 275 

inferior trunk of braehial plexus 217 

inferior vena eava 126,173, 223, 256, 263, 268, 270, 278, 281, 282, 293, 301, 309, 
314, 320 

inferior vermis 240 
inferior vertebral noteh 74, 76, 77 
inferior vesieal artery 282 
infra-orbital foramen 60 
infra-orbital groove 60 
infraglenoid tubercle 88 
infraorbital nerve 226, 228 
infrapatellar bursa 136,138 
infrapatellar fat pad 136 

infraspinatus 160, 163, 173, 178, 180, 182, 184, 187 
infraspinous fossa 88 
infratemporal erest 58 

infundibulum of pituitary gland 224, 241, 251 

infundibulum of uterine tube 324 

inguinal eanal 331 

inguinal ligament 170, 177, 201 

inner circular layer of tunica muscularis 326 

inner lip of erest of ilium 106 

inner longitudinal muscle 325, 331 

innermost intereostal muscle 167, 170, 173, 220, 222, 269, 278 

insular lobe 224, 242 

interalveolar septum 60 

interatrial septum 264 

interealated dise 15 

interehondral (synehondrosis) 126 

interehondral (synovial) 126 

intereondylar eminenee 111 

intereondylar fossa 109 

intereostal muscle 293 

intereostal nerve 222 


intermediate (membranous) urethra 333 
intermediate eell layer 8 
intermediate cuneiform 114 
intermediate saeral erest 78 
intermediate zone of erest of ilium 106 
intermetaearpal muscle 178 
internal oblique muscle 170, 173 
internal acoustic meatus 56 
internal capsule 242 

internal earotid artery 216, 224, 242, 245, 271, 272 
internal elastie membrane of tunica intima 266 
internal iliae artery 269, 282, 284, 331 

internal intereostal muscle 159, 160, 163, 164, 167, 168, 170, 173, 180, 184 

internal jugular vein 213, 229, 242, 278 

internal lamina of rectus sheath 170 

internal oblique muscle 167, 215, 222 

internal oeeipital protuberance 54 

internal pudendal artery 282, 284 

internal spermatie faseia 331 

internal table of ealvaria 47 

internal thoraeie artery 275 

internal thoraeie vein 275 

interosseous border of tibia 111, 112 

interosseous border of ulna 92 

interosseous border of radius 94 

interosseous membrane 19, 124, 188, 205, 206, 276 

interspinales lumborum muscle 164 

interspinales thoraeis muscle 164 

interspinous ligament (vertebral syndesmosis) 126 

interstitial (leydig) eell 259, 329 

interthalamie adhesion 236 

intertransversarii laterales himboram dorsal part 164 

intertransversarii laterales lmboram ventral part 164 

intertransversarii muscle 159 

intertransversarii thoraeie muscle 215 

intertroehanterie erest 109 

intertroehanterie line 109 

intertubercular sulcus or groove 90 

interventricular foramen 245 

intervertebral dise 126, 155, 251, 291 

intervertebral foramen 73 

intestinal glands 310 

intestine 135, 314 

isehial ramus 107 

isehial spine 107 

isehial tuberosity 107, 174, 332 

isehioanal fossa 327 

ischiocavernosus muscle 174, 327 

ischiococcygeus muscle 174 

ischiopubic ramus 105 

ischium 107, 327 

isthimis of thyroid gland 254, 255 

isthmus of uterine tube 324 

j 

jejunal arteries 281 
jejunum 301, 307 

joint (artiailar) capsule 132,134, 135 

joint eavity 128 

jugular foramen 44, 49 

jugular noteh 54, 56 

jugular or suprasternal noteh 82 

jugular proeess 54 

jugular tubercle 54 

jugum 58 

junction of periosteum (removed) with fibrous membrane 128 
junction of synovial membrane (removed) with articular eartilage 128 

K 

kidney 222, 256, 282, 301, 314, 320 

L 

labia majora 318, 323 
labia minora 323 
laerimal bone 36, 38 
laerimal fossa 50 
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laerimal groove 60, 70 
laerimal hamulus 70 
laerimal proeess 69 
lacuna 12, 26 
lambdoid border 54 
lamella 26 

lamellated corpuscle 230 

lamina ofvertebra 74, 76, 77, 126 

lamina propria 302, 304, 305, 307, 310, 325, 331, 326 

laryngopharynx 213, 291, 303 

larynx 213 

lateral antebraehial cutaneous nerve 221 
lateral border of nasal bone 68 
lateral border of scapula 88 
lateral braneh 215 

lateral branehes of interventricular artery 264 

lateral eerebral sulcus 234 

lateral eondyle of femur 109 

lateral eondyle of tibia 111 

lateral eord of braehial plexus 217 

lateral erieo-arytenoid 156 

lateral cuneiform 114, 119 

lateral cutaneous braneh of subcostal nerve 221 

lateral cutaneous branehes (dorsal rami) 221 

lateral cutaneous branehes (ventral rami) 221 

lateral epieondyle 90, 109 

lateral femoral cutaneous nerve 218, 221 

lateral funiculus of white matter 232 

lateral horn of gray matter 232 

lateral intereondylar tubercle 111 

lateral malleolar faeet 116 

lateral malleolus 112, 206 

lateral mass 74 

lateral menisais 136 

lateral peetoral nerve 217 

lateral plate of pterygoid proeess 58 

lateral proeess of malleus 71 

lateral proeess of talus 116 

lateral pterygoid 148, 153, 229, 242, 271 

lateral reeess 241 

lateral rectus 149, 155, 224 

lateral saeral artery 282 

lateral saeral erest 78 

lateral supracondylar line 109 

lateral sural cutaneous nerve 221 

lateral surface of zygomatie bone 65 

lateral surface of inferior nasal eoneha 69 

lateral thalamie nucleus 242 

lateral thoraeie artery 275 

lateral tubercle 116 

lateral ventriele 236, 242, 245, 248, 250, 291 

latissinms dorsi 142, 160, 163, 164, 173, 178, 180, 184, 217, 275 

least oeeipital nerve 215 

left atrium 63, 264, 270 

left auricle 263,264 

left axillary artery 269 

left braehial artery 269 

left eolie (splenie) flexure 310 

left eolie artery 281, 282 

left eommon earotid artery 223 

left eommon earotid artery 223, 263, 264, 268, 269, 270, 278 

left eoronary artery 264, 268 

left gastrie artery 269, 281, 320 

left gastro-omental artery 281 

left inferior pulmonary vein 263 

left inferior pulmonary vein 268 

left lobe of liver 309 

left lobe of thyroid gland 254, 255 

left lung 253, 293 

left main (primary) bronchus 268, 295, 298 

left pulmonary artery 263, 264, 268 

left pulmonary veins 264 

left radial artery 269 

left radial recurrent artery 269 


left renal artery 269 

left subclavian artery 223, 263, 264, 269, 270, 278 

left superior pulmonary vein 263, 268 

left suprarenal gland 256 

left ulnar artery 269 

left ventriele 263, 264, 270 

lenticular proeess 71 

lesser curvature of stomaeh 305 

lesser horn of hyoid 72 

lesser oeeipital nerve 216,226 

lesser omentum 301, 312 

lesser palatine foramina 66 

lesser palatine nerve 226 

lesser seiatie noteh 107 

lesser splanehnie nerve 222 

lesser troehanter 109 

lesser tubercle 90,186 

lesser tympanie spine 56 

lesserwing 58 

leukocyte - monoeyte (white blood eell) 262 

leukocyte - neutrophil (white blood eell) 262 

leukocyte or white blood eell (wbc) - monoeyte 14 

leukocyte or white blood eell (wbc) - neutrophil 14 

levator anguli oris 145, 146, 149 

levator ani muscle 174, 331, 332 

levator labii superioris 145, 146, 149 

levator labii superioris alaeque nasi 145, 146, 149 

levator palpebrae superioris 149, 155, 224 

levator scapulae 147, 149, 167, 168, 180, 184, 216, 217 

levator veli p alatini 151, 153 

levatores eostamm muscle 159, 160, 163, 164, 215 

ligament of head of femur 135 

ligamentum arteriosum 223, 263, 264, 269, 270 

limen 238 

lineaalba 170,177,184,201 
linea apsera 109 
lingual artery 271 
lingual nerve 228 
lingula 240 
lipid storage area 10 
lips 303 

liver 257, 281, 301, 305, 307, 308, 312, 314 

lobar (seeondary) bronchus 223, 295, 298 

locus ceruleus 241 

long eiliary nerve 224 

long gyrus 238 

long limb of incus 71 

long plantar ligament 209 

long thoraeie nerve 217 

longissiimis eapitis muscle 160 

longissimus eervieis muscle 160 

longissimus muscle 159 

longissirmis thoraeis muscle 160 

longitudinal eollagen fibers 21 

longitudinal fissure 234 

longus eapitis 155 

longus eapitis imisele 167, 173 

longus eolli 147, 149, 167, 168, 173 

loose eonneetive tissue of stratum papillare 21 

lower subscapular nerve 217 

lumbar lordosis 73 

himbar vertebra 34,73,314 

lumbar vertebral column 34 

lumbosacral dorsal rootlets 214 

himbosaeral trunk 218 

lumbrical muscles 138, 188, 193, 194, 209 

hinate 97, 99 

hinate surface 105 

hing 223,264,301,312 

lunula 22 

M 

major calyx 316 

major duodenal papilla 308 

malleolar articular faeet 111 
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malleolar fossa 112 
malleolar groove 111, 112 
malleus 71 

mammillary bodies 224, 236, 241, 250 

mammillary proeess 77 

mandible 36, 38, 40, 47, 124, 151, 155, 291 

mandibedar eondyle 132, 242 

mandibular foramen 62 

mandibular fossa 56 

mandibular noteh 62 

mandibular ramus 132 

manubriosternal synehondrosis 126 

manubrium 82 

marginal artery 281,282 

masseter 132, 145, 146, 148, 153, 155, 177, 227, 291, 303 
masseterie tuberosity 62 
mast eell 10 

mastoid air eells 132,242 

mastoid angle 52 

mastoid border 54 

mastoid canaliculus 56 

mastoid noteh 56 

mastoid proeess 56,132,151 

maturing t eells 253 

maxilla 36, 38, 40, 42, 44, 47, 151 

maxillary artery 271 

maxillary braneh 224 

maxillary braneh 226 

maxillary proeess 69 

maxillary sinus 47 

maxillary sinus 60, 155, 227, 291 

maxillary tuberosity 60 

medial antebraehial cutaneous nerve 221 

medial border of nasal bone 68 

medial border of scapula 88, 182 

medial eondyle 109,111 

medial eord of braehial plexus 217 

medial cuneiform 114, 119 

medial cutaneous branehes (dorsal rami) 221 

medial eminenee 241 

medial epieondyle 90, 109 

medial geniculate ganglion 241 

medial geniculate nucleus 252 

medial intereondylar tubercle 111 

medial lumbar intertransversarii muscle 163, 164 

medial malleolar faeet 116 

medial malleolus 111 

medial meniscus 136 

medial peetoral nerve 217 

medial plate of pterygoid proeess 58 

medial pterygoid 148, 153, 229, 242 

medial rectus 155 

medial supracondylar line 109 

medial supracondylar ridge 90 

medial surface of inferior nasal eoneha 69 

medial thalamie nucleus 242 

medial thigh rmiseles 177 

medial tubercle of talus 116 

median antebraehial vein 276 

median aperture 240, 245 

median cubital vein 276 

median nerve 217 

median saeral erest 78 

mediastinal pleura 173 

medulla oblongata 214, 224, 227, 234, 236, 240, 245, 250, 251, 252, 291 

medullary eavity 19, 29 

menisais 128 

mental foramen 62 

mental nerve 226 

mental protuberance 62 

mental spines 62 

mental tubercle 62 

mentalis 145, 146, 149, 151, 155 

mesenterie fat 314 


mesentery 301, 307, 323 
mesosalpinx 325 

metaearpal bones 27, 30, 32, 84, 97 
metaphysis 29 

metatarsal bones 30,32,104,114 
mierovilli 6 

microvillus brush border 307 

midbrain 227, 234, 236, 240, 245, 250, 251 

middle eardiae vein 263, 270 

middle eerebellar peduncle 241, 245 

middle eerebral artery 242, 271, 272 

middle eirailar muscle 325, 331 

middle elinoid proeess 58 

middle eolie artery 281,282 

middle eranial fossa 49 

middle oineiform 119 

middle faeet for calcaneus 116 

middle frontal gyrus 238 

middle lobe of lung 297 

middle meningeal artery and branehes in dura mater 247 

middle nasal eoneha 64, 155, 227, 291 

middle nasal meatus 19, 40 

middle phalanx of foot 114 

middle phalanx of hand 97 

middle pharyngeal eonstrietor 147, 149, 151, 153, 155 
middle reetal artery 282 

middle sealene 147, 149, 160, 167, 184, 216, 217, 275 

middle superior alveolar nerve 228 

middle talar articular surface 117 

middle temporal gyras 238 

middle trunk of braehial plexus 217 

minorcalyx 316 

mons pubis 323 

mucosa of epididymis 329 

mucosa of tongue 151 

mucosa of uterine tube 325 

mucous aeini 303 

mucous in goblet eell 6 

mucous neek eell 305 

multifidus eervieis muscle 163 

multifidus lumborum muscle 163 

multifidus muscle 159, 160, 164 

multifidus thoraeis muscle 163 

muscle belly or body 140 

rmisele eell or fiber 140 

rmiseles of faeial expression 177, 178 

rmiseles of mastieation 178 

muscular branehes of femoral 284 

muscularis mucosae 302, 304, 310 

muscularis of uterine tube 325 

musculocutaneous nerve 217 

musculotubal eanal 56 

musculus uvulae 153,155 

myelin sh e ath 213 

mylohyoid 145, 146, 151, 155, 168, 229 
mylohyoid line 62 
myocardium 264 
myometrhim 325 

N 

nail 22 
nailbed 22 

nasal bone 36, 38, 42, 47 
nasal eavity 291 
nasal foramina 68 
nasal septum 251,291 
nasal spine 50 
nasalis 145, 146, 148 
nasoeiliary nerve 224 
nasopalatine nerve 226 
nasopharynx 252,291, 303 
navioilar 114, 118 
navicular articular surface 116 
neekofrib 81 
neek of scapula 88 
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neckoffemur 109 
neckoffibula 112 
neek of malleus 71 
nerve 266 

nerve in perimysium 140 

nerve of the pterygoid eanal 226 

nerve to geniohyoid muscle 216 

nerve to inferior omohyoid muscle 216 

nerve to mylohyoid muscle 228 

nerve to sternohyoid muscle 216 

nerve to sternothyroid muscle 216 

nerve to superior omohyoid muscle 216 

nerve to temporalis muscle 228 

nerve to the obturator internus muscle 218 

nerve to the subclavius muscle 217 

nerve to thyrohyoid muscle 216 

neurohypophysis 251, 252 

neuron 230 

nodulus 240 

nonkeratinized stratified squamous epithelium of the mucosa 326 

nuchal ligament 159,160,163 

miehal ligament (vertebral syndesmosis) 126 

nucleus of adipose eell 10, 24 

nucleus of fibroblast 10 

nucleus of glial eell 16 

nucleus of multipolar neuron 16 

nucleus of osteoeyte 26 

nucleus of reticular eell 10 

nucleus pulposus of intervertebral dise 126 

o 

obex 241 

oblique arytenoid 153, 156 
oblique fissure 297 
oblique line 62 

oblique popliteal ligament 136 
obliquevein 270 

obliquus eapitis inferior muscle 163 
obliquus eapitis superior muscle 163 
obliquus inferioris rmisele 215 
obliquus superioris muscle 215 
obliterated umbilical artery 282 
obturator artery 282 

obturator externus 135, 174, 199, 201, 202, 218 
obturator foramen 105, 107 
obturator groove 107 

obturator internus 135, 173, 199, 202, 203, 218, 331, 332 
obturator nerve 174, 218, 282 
oeeipital angle 52 
oeeipital artery 271 

oeeipital belly of oeeipitofrontalis 24, 147, 148 

oeeipital bone 36, 38, 40, 42, 44, 47, 49, 155, 251, 252 

oeeipital border 52 

oeeipital eondyle 54, 155, 242 

oeeipital lobe 224, 234, 236, 245, 250, 291 

occulomotor nerve 224, 241 

oleeranon 92, 134 

oleeranon fossa 90 

olfaetory bulb 224 

olfaetory nerve 224 

olive 241, 242 

omental or fatty appendiees 310,311 

omohyoid 147, 149, 167, 168, 170, 180, 184, 216, 229 

opening of straight sinus 214,272 

opponens digiti minimi 193, 194 

opponens pollieis 193,194 

opthalmie braneh 224 

optie eanal 58 

optie ehiasm 224, 241,242, 248, 271 
optie nerve 155, 224, 241 
optie traet 224, 236, 241 
oral eavity 291 

orbiailaris oculi 145, 146, 148, 151, 227, 228 
orbiailaris oris 145, 146, 149, 151, 155 
orbit 36, 291 


orbitalplate 64 
orbital proeess 66 
oropharynx 291, 303 
os coxae 30, 32, 135 
osteoeyte 12 
osteon 26 

outer lip of erest of ilium 106 

outer longitudinal layer of tunica muscularis 326 

ovarian ligament 323, 324 

ovary 258, 323, 324 

oxyphil eell 255 

P 

palatine bone 36, 40, 44, 47 
palatine proeess 60 
palatine tonsil 153 
palatopharyngeus 153, 155 
palmar aponeurosis 177,188,193 
palmar interossei 193,194 
palmaris brevis 188,193,194 
palmaris longus 188,193 
panereas 257, 281, 301 
panereatie duct 257, 308 
panereatie ductule 308 
panereatie islet 257, 308 
papillary muscle 264 
parafollicular (e) eell 254 
parietal bone 36, 38, 40, 42, 47, 49 
parietal foramen 52 

parietal lobe 224,234,236, 245,250,291 

parietal pericardium 173, 264 

parietal peritoneum 258 

parietal tuber 52 

parieto-oeeipital sulcus 238 

parotid duct 227, 303 

parotid gland 132, 145, 147, 149, 216, 303 

patella 30, 32, 104, 128, 136 

patellar ligament 124, 128, 136, 205, 206 

patellar surface of femur 109 

peeten pubis or peetineal line 107 

peetinate muscle 264 

peetineal or spiral line 109 

pectineus 170, 197, 199, 201, 202 

peetoral artery 275 

peetoralis major 142, 170, 177, 178, 180, 184, 217, 275, 276 

peetoralis minor 180, 184, 217, 275 

pediele 74,76,77 

peduncle 252 

peg eells 325 

pelvie diaphragm 199, 202, 203 

penis 174, 177, 199, 201, 202, 218, 284, 288, 311, 318, 331 

perforating cutaneous nerve 218 

perichondrium 12 

perimetrium 325 

perimysium 140 

perinealbody 174 

perineal membrane 327 

perineurium 213 

periodontal membrane 124 

periorbital fat 155 

periosteum 19, 128, 136, 140 

perirenalfat 314 

perpendicular plate of palatine 66 
perpendicular plate of ethmoid 64 
petro-oeeipital fissure 49 
petrosphenoidal fissure 49 
petrotympanie fissure 56 
petrous part of temporal bone 56 
phalanges of hand 30,32 
phalanges of foot 84, 104 
pharyngeal braneh 226 
pharyngeal tubercle 54 
pharyngobasilar faseia 153 
pharyngotympanie tube 153, 155 
phrenie nerve 216, 217, 269, 275, 293 
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pia-araehnoid mater 272 

pineal gland 224, 236, 241, 245, 250, 252 

piriform aperture 36 

piriformis 173, 199, 202, 203, 218, 220, 284 
pisiform 97, 99 

pituitary gland 227, 242, 251, 272 
plantar interossei 209 
plantaris 202, 207 
plasma 14 

plasma membrane 10 
platysma 142, 155, 170 

pons 224, 227, 234, 236, 238, 240, 241, 242, 245, 250, 251, 252, 272, 291 

popliteal artery 269, 286 

popliteal fat 136 

popliteus 207, 286 

posteentral gyras 234, 238 

posteentral sulcus 234, 238 

posterior antebraehial cutaneous nerve 221 

posterior antebraehial muscles 177, 178 

posterior areh of atlas 74 

posterior auricular artery 271 

posterior belly of digastriais 147, 149, 151, 153 

posterior braehial cutaneous nerves 221 

posterior ealeaneal articular faeet 116 

posterior eerebellar noteh 240 

posterior eerebral artery 271 

posterior circumflex humeral artery 275 

posterior elinoid proeess 58 

posterior communicating artery 271, 272 

posterior eord of braehial plexus 217 

posterior eranial fossa 49 

posterior erieo-arytenoid 153, 156 

posterior eraeiate ligament 136 

posterior digastricus 145, 163 168, 215, 227, 229 

posterior femoral cutaneous nerve 218, 221 

posterior funiculus of white matter 232 

posterior gluteal line 106 

posterior inferior eerebellar artery 271 

posterior inferior iliae spine 106 

posterior intereondylar area 111 

posterior intereostal artery 220, 222, 278 

posterior intereostal vein 220, 222, 278 

posterior interventricular artery 263, 270 

posterior laerimal erest 70 

posterior limb of stapes 71 

posterior lobe of eerebelhim 240, 242 

posterior longitudinal ligament (vertebral syndesmosis) 126 

posterior nasal spine 66 

posterior perforated substance 241 

posterior proeess of talus 116 

posterior saeral foramina 78 

posterior sealene 147, 149, 159, 167, 168, 170, 184 

posterior superior alveolar nerve 228 

posterior superior eerebellar artery 271 

posterior superior iliae spine 106 

posterior talar articular surface 117 

posterior thigh muscles 

posterior tibial artery 286 

posterior tubercle of eostal proeess 74 

posterior tubercle of posterior areh 74 

posterior vagal trank 222, 268 

posterior vein of left ventriele 263, 270 

posthinate fissure 240 

preeentral gyras 234, 238 

preeentral sulcus 234, 238 

prepatellar bursa 136,138 

primary fissure 240 

primary folliele gramilosa eells 258 

primary ooeyte 258, 324 

primary spermatoeyte 259, 329 

primordial folliele 258, 324 

prineipal bronchus 223 

proeeras 145, 146, 148 

promontory of saeram 78 


pronator quadratus 188, 276 

pronator teres 186,188,190 

pronator tuberosity 94 

proper digital artery 276 

proper hepatie artery 281 

prostate 282,311,318,328,331,332 

prostatie urethra 318,333 

proximal phalanx of foot 114 

proximal phalanx of hand 97 

proximal phalanx of index finger 128 

pseudostratified columnar epithelium 331 

psoas major 126, 135, 167, 173, 197, 199, 201, 202, 218, 222, 256, 269, 281, 314, 
320, 331 

psoas minor 167, 173, 199, 218, 222 
pterygoid eanal 58 
pterygoid fossa 58 
pterygoid fovea 62 
pterygoid hamulus 58 
pterygoid noteh 58 
pterygoid tuberosity 62 
pterygopalatine fossa 38 
pterygopalatine ganglion 226, 228 
pubic erest 107 

pubic symphysis 126, 258, 311,323, 326, 328. 331, 332, 333 

pubic tubercle 107 

pubis 107,218,318 

pudendal nerve 218 

pudendal nerve and vessels 331 

pulmonary artery 223, 270, 293, 297 

pulmonary plexus 222 

pulmonary plexus 268 

pulmonary trank 263, 264, 268, 270, 311 

pulmonary valve 264 

pulmonary vein 233, 270, 293, 295, 297 

pulvinar of thalamus 241 

putamen 242 

pylorie antram 305 

pylorie eanal 305 

pylorie sphineter 305 

pylorus 305 

pyramid 240, 241 

pyramidal lobe of thyroid gland 255 
pyramidal proeess 66 
pyramidalis 201 

Q 

quadrangular lobe of anterior 240 

quadrate lobe of liver 309 

quadrate tubercle 109 

quadratus femoris 173, 199201, 202, 203 

quadratus lumborum 159, 163, 164,173,199, 218, 269 

quadratus plantae 209 

quadriceps tendon 128, 136, 197 

R 

radial artery 188,276 
radial diaphysis 27 
radial epiphysis 27 
radial fossa 90 
radialnerve 217 
radial noteh 92 
radial styloid proeess 94 
radial tuberosity 94 
radius 30, 32, 84 
ramus of mandible 62 
rectouterine pouch 323, 326 

rectum 258, 282, 301, 310, 311, 318, 323, 326, 328, 331, 332 
rectus abdominis 142 
rectus abdominis 177 

rectus abdominis 142, 167, 170, 173, 177, 178, 180, 184, 201, 202, 328, 331 

rectus eapitis posterior major muscle 163, 215 

rectus eapitis posterior minor muscle 163, 215 

rectus sheath 201 

recurrent laryngeal nerve 222 

red blood eells 266 
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red bone marrow 12 

renal artery 222, 281, 314, 316, 320 

renal capsule 316 

renal column 317 

renal cortex 317 

renalpelvis 314,316 

renalpyramid 317 

renal vein 281, 282, 314, 316, 320 

rete testis 329 

reticular fiber 10 

retinaaikim 138 

retinaculum cutis 19,24 

retromolar triangle 62 

rhomboideus major 160,163, 180, 184 

rhomboideus minor 180, 184 

rib 30, 32, 34, 164, 173, 180, 220, 293 

right atrium 263, 264, 270, 278 

right auricle 263, 264 

right eolie (hepatie) flexure 310 

right eolie artery 281 

right eolie vein 282 

right eommon earotid artery 223, 268, 269, 278 

right eoronary artery 263, 264,268, 270 

right gastrie artery 281 

right gastro-omental artery 281 

right inferior pulmonary vein 263 

right inferior pulmonary vein 268 

right internal thoraeie artery 269 

right lateral ventriele 224 

right lobe of liver 309 

right lobe of thyroid gland 254, 255 

right lung 253, 293 

right main (primary) bronchus 295, 298 

right prineipal bronchus 268 

right pulmonary artery 263, 268 

right pulmonary veins 264 

right renal artery 269 

right subclavian artery 223, 268 

right subclavian artery 269 

right superior intereostal vein 222 

right superior pulmonary vein 263, 268 

right suprarenal gland 256 

right ventriele 263, 264, 270 

risorius 155, 227 

root of braehial plexus 168 

root of nail 22 

root of the mesentery (cut) 310 
root of tooth 124 
rotatores eervieis muscle 163 
rotatores lumborum muscle 164 
rotatores thoraeis muscle 163, 164 
round ligament of liver 309 
round ligament of uterus 323, 324 

s 

saeral eanal 78 
saeral cornu 78 
sacralhiatus 78 
saeral kyphosis 73 
saeral tuberosity 78 

sacrotuberous ligament 173, 199, 202, 203, 218, 284 

saeram 34,73,328,331 

sagittal border of parietal bone 52 

salpingopharyngeus 153, 155 

saphenous nerve 221 

sareoplasm 15 

sartorious 142, 197, 201, 202, 218, 284, 286, 288 

sealene tubercle (first rib) 81 

seaphoid 97,99 

seaphoid fossa 58 

seaphoid tubercle 99 

scapula 30, 32, 84, 85 

seiatie nerve 213, 218, 331 

scrotum 286,318,328 

sebaceous seeretory eells 23 


seeonary folliele 324 

seeondary folliele granulosa eells 258 

seeondary spermatoeyte 259, 329 

seeretory eoils of sweat gland 19 

seeretory epithelium 332 

segmental (tertiary) bronchus 295, 297, 298 

segmental arteries 281 

segmental artery 316 

segmental bronchus 223 

segmental vein 316 

sella turcica 58 

semilunar line 170 

semimembranosus 136, 197, 199, 203 

seminal vesiele 328,331,332 

seminiferous tubule 259, 329 

semispinalis eapitis muscle 160 

semispinalis eervieie muscle 160, 163, 215 

semispinalis muscle 159 

semispinalis thoraeis muscle 160 

semitendinosus 197, 199, 203, 286 

septum pellucidum 227, 242, 245, 248, 

serous aeini 303 

serratus anterior 167, 168, 177, 178, 180, 184, 217, 275, 276 

serratus posterior inferior muscle 167, 173, 180 

serratus posterior superior muscle 173 

sertoli eell 259, 329 

sesamoid bones 114 

shortgyri 238 

short limb of incus 71 

sigmoid artery 281 

sigmoid eolon 310, 323, 328 

sigmoid sinus 132, 242, 272 

simple columnar epithelium 302, 307 

skeletal muscle eell 15 

skin 133, 135, 140, 149 

small artery 297 

small eardiae vein 263 

small intestine 311, 328 

smooth muscle eell 15 

smooth nrnsele eells of tunica media 266 

smooth muscle of tunica muscularis 317 

soft palate 227, 251, 252, 291, 303 

solealline 111 

soleus 136, 197, 202, 205, 206, 207, 286 

sperm in himen of epididymis 329 

spermatie eord 170, 177,201, 202,259, 284, 288, 329 

spermatid 259, 329 

spermatogonium 259, 329 

spheno-oeeipital synehondrosis 126 

sphenoid angle 52 

sphenoid bone 36, 38,40, 44, 47, 49 

sphenoid sinus 242,251,252,303 

sphenoidal eoneha 58 

sphenoidal erest 58 

sphenoidal rostram 58 

sphenoidal sinus 47, 58, 291 

sphenopalatine foramen 47 

sphenopalatine noteh 66 

spinal eord 173, 213, 214, 224, 227, 232, 234, 236, 238, 250, 251, 272, 303 

spinal dura mater 247 

spinal leptomeninges 247 

spinalnerve 214 

spinal nerve trank 213 

spinalis eapitis muscle 160 

spinalis eervieis muscle 160 

spinalis muscle 159 

spinalis thoraeis muscle 160 

spine of scapula 88, 180, 182, 184, 187 

spine of sphenoid bone 58 

spimras proeess ofvertebra 74, 76, 77, 126 

spleen 281,293,301,305,308,312 

splenms eapitis 147, 149, 159, 173, 184 

splenie artery 269,281,320 

splenievein 281 
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spleniiis eervieis muscle 159 

spongy urethra 318,328,333 

squamous part of temproal 50, 54, 56 

stapes 71 

stereoeilia 329 

sternal angle 82 

sternal end 86 

sternal faeet 86 

sternoeleidomastoid 147, 149, 168, 170, 177, 178, 180, 184, 216,229, 242, 303 
sternoeostal (synehondrosis) 126 

sternoeostal (typieally synovial but ean be symphysial) 126 
sternohyoid 147, 149, 167, 168, 170, 184, 216 
sternothyroid 167, 168, 170, 184, 216 
stermim 34, 173, 311 

stomaeh 281, 282, 293, 301, 304, 305, 307, 310, 311, 312 

straight sinus 224, 248 

stratified squamous epithelium 19 

stratum basale 8, 20 

stratum basalis 325 

stratum corneum 8, 20 

stratum fimetionalis 325 

stratum granulosum 8, 20 

stratum lucidum 8, 20 

stratum spinosum 8, 20 

striated skeletal muscle 266 

styloglossus 147, 149, 151, 153, 229 

stylohyoid 147, 149, 151, 153, 168, 229 

styloid proeess of temporal bone 56 

styloid proeess of third metaearpal 101 

stylomastoid foramen 56 

stylopharyngeus 151, 153 

subchondral bone 29 

subclavian artery 168, 254, 275, 293 

subclavian groove 86 

subclavian vein 278 

subclavius 180, 217 

subcostal muscle 173, 222, 278 

subcostal nerve 218, 220 

subcutaneous layer 19, 24, 133, 135149, 286 

submandibular fossa 62 

submandibular ganglion 228 

submandibular gland 147, 149, 227, 303 

submucosal (branner’s) glands 302 

subscapular artery 275 

subscapular fossa 88 

subscapularis 133, 182, 186, 217, 275 

sulcus limitans 241 

sulcus tali 116 

superciliary areh 50 

superficial circumflex iliae artery 286 

superficial circumflex iliae vein 286 

superficial epigastrie artery 286 

superficial epigastrie vein 286 

superficial external anal sphineter muscle 174 

superficial inguinal lymph node 288 

superficial inguinal ring 331 

superficial middle eerebral vein and tributaries in subarachnoid spaee 247 

superficial palmar areh 276 

superficial temporal artery 271 

superficial transverse metaearpal ligament 188 

superficial transverse perinei muscle 174 

superficial veins 24 

superior angle of scapula 24, 88, 182, 186 
superior articular proeess 78 
superior articular proeess/faeet 76, 77 
superior eerebellar peduncle 241, 242 
superior eervieal ganglion 272 
superior ehmeal nerves 221 
superior colliculus 236, 241, 245, 252 
superior eompartment of articular eavity 132 
superior eostal faeet 76 
superior frontal gyras 238 
superior gemellus 173, 199, 202, 203, 218 
superior ghiteal artery 282, 284 
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superior gluteal nerve 218 

superior laryngeal nerve 228 

superior lateral braehial cutaneous nerves 221 

superior lateral geniailar artery 286 

superior lobe of hmg 297 

superior longitudinal muscle 155 

superior medullary vellum 240, 241 

superior mesenterie artery 222, 256, 269, 281, 282, 320, 

superior mesenterie artery 256 

superior mesenterie ganglion 222 

superior mesenterie vein 281, 282 

superior mesenterie vein and tributaries 311 

superior nasal eoneha 64, 155, 291 

superior nuchal line 54 

superior oblique 149, 155, 224 

superior orbital fissure 58 

superior pancreaticoduodenal artery 281 

superior parathyroid gland 255 

superior pharyngeal eonstrietor 151, 153, 155, 229 

superior posterior lateral nasal braneh 226 

superior pubic ramus 107 

superior reetal artery 281 

superior rectus 149, 155, 224 

superior sagittal sinus 214, 224, 242, 248, 272 

superior temporal gyrus 234, 238 

superior temporal line 52 

superior thoraeie artery 275 

superior thyroid artery 271 

superior trank of braehial plexus 216,217 

superior vena eava 222, 263, 264, 268, 270, 278 

superior vermis 240, 242 

superior vertebral noteh 74, 76, 77 

superior vesieal artery 282 

supinator 188, 190 

supinator erest 92 

supporting eell 230 

supra-acetabular groove 106 

supra-orbital noteh or foramen 50 

supraclavicular nerve 216,221 

supraglenoid tubercle 88 

supraorbital nerve 226 

suprapatellar bursa 128,136,138 

suprarenal gland 222, 281 

suprarenal vein 281 

suprascapular artery 275 

suprascapular nerve 217, 275 

suprascapular noteh 88 

supraspinatus 133, 180, 182, 184, 186, 187 

supraspinous fossa 88 

supraspinous ligament 159,164 

suprastyloid erest 94 

surface mucous eell 305 

surgical neek 90 

suspensory ligament of penis 333 

sustentaculum tali 117 

suturalbone 40 

sweat glands in dermis 21 

sympathetie trank 222, 278, 282 

sympathetie trank ganglion 222 

symphysial surface 107 

synovial (tendon) sheath 138 

synovial fold 128 

synovial membrane 133 

synovial membrane of joint capsule 128, 136 

T 

taeniae eoli 310 
tail of panereas 308 
talus 114 
tarsalbones 104 
tarsal sinus 117 
tarsals 30, 32 
tastebud 230 
taste pore 230 
teeth 303 


tegmen tympani 56 
tela submucosa 295,304,310 
temporal bone 36, 38, 40, 42, 44, 47, 49 
temporal branehes 226 
temporal faseia 145, 147, 227, 228 

temporal lobe of eerebmm 224, 234, 236, 242, 245, 250, 271, 272 
temporal proeess 65 

temporalis 146, 148, 155, 177, 228, 277, 291 
temporoparietalis 145, 146 
tendinous areh of levator ani 331 
tendinous interseetion 170, 177 
tendon 19, 24 
tendon 24 

tendon of insertion 140 
tendon of origin 140 

tensor faseiae latae 170, 173, 197, 199, 201, 202, 218 
tensor veli palatini 151 
tentormm eerebelli 242, 248 

teres major 160, 163, 173, 178, 180, 182, 184, 186, 187, 217, 275 

teres minor 178, 180, 182, 184, 187 

testiailar blood vessels 331 

testicular vein 281 

testis 259,311,318,331,333 

thalamus 227, 236, 245, 250, 252 

the mesentery partially disseeted to reveal vessels 311 

theea folliculi 324 

thenar muscles 177 

third ventriele 224, 241, 242, 245, 248 

thoraeie aorta 173 

thoraeie dorsal rootlets 214 

thoraeie intertransversarii muscle 164 

thoraeie kyphosis 73 

thoraeie lymphatie duct 278 

thoraeie vertebra 34, 73, 173 

thoraeoaeromial trunk 275 

thoraeodorsal artery 275 

thoraeodorsal nerve 217 

thoracolumbar faseia 164,178,184 

thromboeyte (platelet) 14, 262 

thymie corpuscle 253 

thymie cortex 253 

thymie medulla 253 

thymus 253 

thyro-arytenoid 156 

thyro-epiglottie part of thyro-arytenoid 156 
thyroeervieal trunk 275 
thyroglobulin (tgb) 254 
thyrohyiod muscle 168 

thyrohyoid 147, 149, 167, 184, 216, 229, 254, 293 
thyrohyoid membrane 156 

thyroid eartilage 147, 149, 151, 156, 168, 213, 254, 293, 295 
thyroid folliele 254 

thyroid gland 168, 223, 268, 269, 271, 293 

tibia 30, 32, 104, 124, 136, 205, 206 

tibial eollateral ligament 136 

tibial tuberosity 111 

tibialis anterior 142, 197, 205, 206, 210 

tibialis posterior 207 

tongue 153, 227, 229, 251, 252, 291, 303, 311 
tonsil 240 

torus tubarius 155, 227, 291 
trabeaila 26, 253, 303, 308, 332 
trabeculae earnae 264 
trabecular bone 26, 29 

traehea 151, 153, 156, 168, 180, 223, 254,268, 269, 278, 293,295, 298, 301, 311 
tragicus 147, 149 

transitional epithelium of tunica mucosa 317, 318 

transversalis faseia 170 

transverse arytenoid 153, 156 

transverse earpal ligament 276 

transverse eervieal nerves 221 

transverse eollagen fibers 21 

transverse eolon 281, 301, 310, 311, 312 

transverse eostal faeet 76 


transverse cutaneous nerve 216 
transverse faeial artery 271 
transverse fissure of eerebmm 234 
transverse fissure of lung 297 
transverse foramen 74 
transverse mesoeolon 301, 311, 312 
transverse oeeipital sulcus 238 
transverse perenei superficialis 327 
transverse proeess 74, 76, 77 
transverse ridges 78 
transverse sinus 214,248,272 

transversus abdominis 159, 163, 167, 170, 173, 199, 201, 202, 220, 222 

transversus menti 145, 149, 155 

transversus nmsele 147, 155 

transversus nuchae 148, 163 

trapezium 97, 99 

trapezius 142, 147, 149, 163, 164, 168, 170, 173, 177, 178, 180,184 
trapezoid 97, 99 
trapezoid line 86 

trieeps braehii 134, 140, 142, 160, 173, 177, 178, 180, 182, 184, 186, 187, 190, 276 

tricuspid valve 264 

trigeminal ganglion 224 

trigeminal impression 56 

trigeminal nerve 224, 248, 271 

trigeminal tubercle 241 

triquetrum 97, 99 

troehanterie fossa 109 

troehlea 90, 121 

troehlea of phalanx 101 

troehlea of talus 116 

troehlear nerve 224, 241, 245 

troehlear noteh 92 

troehlear spine 50 

tmeribs 81 

tuber 240 

tuber cinereum 241 

tubercle 81 

tubercle of trapezium 99 
tuberculum of erest 106 
tuberculum sellae 58 
tuberosity 118 

tuberosity for coracoclavicular ligament 86 
tuberosity of distal phalanx of hand 121 
tuberosity of distal phalanx of foot 101 
tuberosity of fifth metatarsal 120 
tuberosity of first metatarsal 120 
tuberosity of serratus anterior (seeond rib) 81 
tunica adventitia 295, 304 
tunica albuginea 259, 324 
tunica albuginea of corpus cavernosum 333 
tunica albuginea of corpus spongiosum 333 
tunica albuginea of testis 329 
tunica muscularis circular layer 304 
tunica muscularis longitudinal layer 304 
tympanie canaliculus 56 
tympanie eavity 242 
tympanie ring 56 
tympanomastoid fissure 56 

u 

ulna 30, 32, 84, 193 

ulnar artery 188, 276 

ulnar diaphysis 27 

ulnar epiphysis 27 

ulnarnerve 217 

ulnar noteh 94 

ulnar styloid proeess 92 

ulnar tuberosity 92 

umbilicus 177 

uncinate proeess 64 

uncinate proeess of panereas 308 

upper bands of saeral plexus 218, 282 

upper subscapular nerve 217 

ureter 222, 256, 281, 314, 316, 320, 331 

urethra 258,318,323,326 
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iiterine artery 282 
uterine tube 258, 323, 325 
uterus 258,282,318,324 
uvula 227, 240 

V 

vagina 258,318,323,325,326 
vaginal artery 282 
vaginal proeess 58 

vagus nerve 168, 216, 222, 224, 241, 245, 254, 268, 269, 272, 293, 304 

valve of inferior vena eava 264 

vastus intermedius 199, 201, 284 

vastus lateralis 135, 284, 197, 201, 202, 205 

vastus medialis 142, 197, 201, 284 

vein 303 

vein with red blood eells (rbe) 295 

venous valves 266 

ventral horn of gray matter 232 

ventralramus 213 

ventral root of spinal nerve 213,232 

ventral rootlets 213 

venule 255 

vermiform appendix 310 
vertebral artery 213, 242, 271, 272, 275 
vertebral body 74, 76, 77, 272, 291 
vertebral column 30, 32, 303, 311 
vertebral foramen 74 
vertieal muscle 155 
vesicouterine pouch 323, 326 
vestibular area 241 
vestibule 327 


vestibulocochlear nerve 224, 241, 242, 245 
villi 302 

viseeral pericardium 264 
voealis muscle 213 
vomer 36, 40, 44, 47 
vomerine erest of ehoana 67 
vomerine groove 67 

w 

white blood eells 266 

white communicating ramus 222 

X 

xiphoid proeess 82 

z 

zona faseiailata of cortex 256 
zona glomeralosa of cortex 256 
zona pelhieida 324 
zona reticularis of cortex 256 
zone of ealeified eartilage 27 
zone of hypertrophied eartilage 27 
zone of proliferating eartilage 27 
zone of resting eartilage 27 
zygomatie areh 38, 44, 151, 271 
zygomatie bone 36, 38, 40, 42, 44 
zygomatie proeess 56, 60 
zygomatieo-orbital foramen 65 
zygomatieofaeial foramen 65 
zygomatieotemporal foramen 65 
zygomatiais major 145, 146, 149, 227 
zygomaticus minor 145, 149 
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